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Sir: 

This is an appeal from the final rejection of claims 1-3,5 and 6 in the Office Action 
mailed August 8, 2005, in the above-identified patent application. A Notice of Appeal was filed 
on November 8, 2005. An Advisory Action was mailed February 15, 2006. An Appeal brief 
was filed on August 16, 2004, and a Substitute Appeal Brief on December 2, 2004. The 
examiner reopened examination on March 17, 2005, in response to the Substitute Appeal 
Brief. The Commissioner was authorized to charge $165 to Appellant's deposit account in 
payment of the Appeal Brief filed on August 16, 2004, the fee for filing an Appeal Brief for 
a small entity. However, the fee for filing an Appeal Brief for a small entity is currently 
$250.00. The Commissioner is hereby authorized to charge the difference of $85.00, to 
Deposit Account No. 50-3129. Submitted with this Appeal Brief is a Petition for an Extension 
of Time, to extend the period for response for two months, to and including March 8, 2006. The 
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Commissioner is hereby authorized to charge $225.00, the fee for a small entity, to Deposit 
Account No. 50-3 129. It is believed that no additional fee is required with this submission. 
However, should an additional fee be required, the Commissioner is hereby authorized to charge 
the fee to Deposit Account No. 50-3 129. 

(1) REAL PARTY IN INTEREST 

The real parties in interest of this application are Children's Medical Center Corporation 
in Boston, MA, the assignee of record. 

(2) RELATED APPEALS AND INTERFERENCES 

There are no related appeals or interferences known to the appellant, the undersigned, or 
appellant's assignee which directly affects, which would be directly affected by, or which would 
have a bearing on the Board's decision in this appeal. 

(3) STATUS OF CLAIMS ON APPEAL 

Claims 1-3, 5 and 6 are pending. Claims 4 and 7-18 have been cancelled. Claims 1-3, 5 
and 6 are on appeal. The text of each claim on appeal, as pending, is set forth in an Appendix to 
this Appeal Brief. 

(4) STATUS OF AMENDMENTS 

An amendment was filed on January 9, 2006, subsequent to the final rejection mailed 
August 8, 2005. In the advisory action mailed on February 15, 2006, the Examiner indicated that 
this amendment would be entered. Claims 4 was cancelled in the Amendment filed on June 15, 
2005. Claims 7-18 were cancelled in an Amendment filed on November 21, 2003. 

(5) SUMMARY OF THE CLAIMED SUBJECT MATTER 

Independent claim 1 defines an active osteopontin peptide fragment comprising an amino 
acid sequence selected from the group consisting of SEQ ID NO:7, SEQ ID NO:8, SEQ ID 
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NO:9, SEQ ID NO: 10, SEQ ID NO:l 1, SEQ ID NO: 12, SEQ ID NO:13 5 SEQ ID NO: 14, and 
SEQ ID NO: 15, wherein the peptide binds to at least one integrin receptor on a cell surface 
selected from the group consisting of avf33, avp5, 4pl, 2pl, VCAM, ICAM CD44, V3Vx (see 
at least page 8, lines 7-26 and page 12, lines 4-13). 

Dependent claim 2 defines the active peptide fragment of claim 1, wherein the peptide 
increases cell attachment to a material and increases cell spread (see at least page 8, lines 11-12 
and page 53, lines 12-17). 

Dependent claim 3 defines the active peptide fragment of claim 1 , wherein the peptide 
binds to at least one integrin receptor on a cell surface selected from the group consisting of 
VCAM, ICAM CD44, and V3 Vx. 

Dependent claim 5 defines the active peptide fragment of claim 1, wherein the integrin(s) 
is selected from the group consisting of avp3, av (55, 4pl, and 2pl. Support for claims 3 and 5 
can be found at least on page 3, line 27 to page 4, line 14 and page 53, lines 17-21. 

Dependent claim 6 defines the active peptide fragment of claim 1, wherein the cell is an 
osteoprogenitor cell, tumor cell, macrophage, periosteal cell, endothelial cell, epithelial cell, 
eosinophil, stem cell, limited potential precursor cell, precursor cells committed precursor cell, or 
differentiated cell (see at least page 8, line 29 to page 9, line 2). 

(6) GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The issue presented on appeal is whether claims 1-3, 5 and 6 are enabled under 35 U.S.C. 
§112, first paragraph. 

(7) GROUPING OF CLAIMS 

The claims do not stand or fall together. Arguments for the separate patentability of the 
claims are provided below. 
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(8) ARGUMENTS 

(a) The Claimed Invention 

Osseointegration is a complex process that involves proliferation, migration, attachment, 
differentiation, extracellular matrix synthesis, and finally mineralization of that matrix. 
Differentiated cells originate from "primitive" cells called stem cells, which are pluripotent and 
divide to generate committed precursor cells. After a series of rapid cell divisions, these 
committed precursor cells develop into differentiated cells, wherein a contribution is made to the 
surrounding matrix. Driving this process of cellular development is motility and proliferation, 
which are in turn regulated by increasing or decreasing gradients of, for example, peptides which 
bind to receptors on the cell surface. The bone trauma generated by implant placement is 
followed clot formation, acute inflammation, recruitment and proliferation of stromal cells and 
their differentiation into osteogenic lineage cells, followed by filling the defect with bone and 
finally mineralization of the matrix. 

Extracellular matrix proteins, especially adhesion molecules, play a role in bone repair 
and morphogenesis. When cells initially encounter a bio-matrix or extracellular matrix 
("ECM"), they will either attach and spread or undergo apoptosis. Adherence to the ECM is a 
receptor-mediated process. Cell surface receptors belonging to the integrin superfamily are 
recognized as critical players in the adhesion to the ECM and are intermediate messengers 
relaying signals for events such as contact, anchorage, and differentiation. Proteins such as 
osteopontin or peptides derived from osteopontin, which bind to these receptors can therefore 
mediate these cellular processes. 
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The primary challenge faced in the fabrication of new implants is to increase the rate of 
osseointegration and the percentage of bone apposition. An enhanced rate of osseointegration 
and/or augmented percentage of bone apposition around implants increases implant placement 
indications, and expedites loading time. Recent studies have focused on improving 
osseointegration of implants by coating the surface with various substances including bone 
morphological proteins, with varying degrees of success. 

The Appellants have isolated active osteopontin peptide fragments that have cell- 
attachment and cell-spread activity, which, when coated on a material suitable for use as an 
implant, can increase cell attachment as well as enhance cell spread. The peptides discovered by 
the Appellant help bring stem cells, precursor cells and differentiated cells into contact with the 
material. They can also function in bringing tissue remodeling cells such as mesenchymal, 
macrophages and granulocytes and in general cells that are involved in osseointegration, into 
contact with the implant. 

(b) Rejection of claims 1-3, 5 and 6 Under 35 U.S.C. § 112, first paragraph, 
enablement 

The Legal Standard for Enablement 

Whether the disclosure is enabling is a legal conclusion based upon several underlying 
factual inquiries. See In re Wands, 858 F.2d 731, 735, 736-737, 8 USPQ2d 1400, 1402, 1404 
(Fed. Cir.1988). As set forth in Wands, the factors to be considered in determining whether a 
claimed invention is enabled throughout its scope without undue experimentation include the 
quantity of experimentation necessary, the amount of direction or guidance presented, the 
presence or absence of working examples, the nature of the invention, the state of the prior art, 
the relative skill of those in the art, the predictability or unpredictability of the art, and the 
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breadth of the claims. In cases that involve unpredictable factors, "the scope of the enablement 
obviously varies inversely with the degree of unpredictability of the factors involved." In re 
Fisher, All F.2d 833, 839, 166 USPQ 18, 24 (CCPA 1970). The fact that some experimentation 
is necessary does not preclude enablement; what is required is that the amount of 
experimentation 'must not be unduly extensive.' Atlas Powder Co., v. E.I. DuPont De Nemours 
& Co. , 750 F.2d 1569, 1576, 224 USPQ 409, 413 (Fed. Cir.1984). There is no requirement for 
examples. The Supreme Court also noted that all of the factors need not be reviewed when 
determining whether a disclosure is enabling In re Amgen, Inc. v. Chugai Pharm. Co., 927 F.2d 
1200, 1213,18 USPQ2d 1016, 1027 (Fed. Cir. 1991) (noting that the Wands factors 'are 
illustrative, not mandatory. What is relevant depends on the facts.'). As long as the specification 
discloses at least one method for making and using the claimed invention that bears a reasonable 
correlation to the entire scope of the claim, then the enablement requirement of 35 U.S.C. 1 12 is 
satisfied. In re Douglas v. United States 510 F.2d 364; 184 U.S.P.Q. 613 (Ct. CI. 1975) the 
Court of Claims noted that a patentee cannot "be expected to foresee every technological 
problem that may be encountered in adapting his idea to a particular use. Some experimentation 
and exercise of judgment is to be expected. In re Mineral Separation v. Hyde 242 U.S. (1916), 
the court emphasized that some inventions cannot be practiced without adjustments being made 
to adapt them to the particular context. In such a situation, a specification is sufficient if it gives 
adequate guidance to one skilled in the art on how such adjustments are to be made. 
Analysis 

Claim 1 defines an active osteopontin peptide fragment comprising an amino acid 
sequence selected from the group consisting of SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, 
SEQ ID NO: 10, SEQ ID NO:l 1, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, and SEQ ID 
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NO: 15, wherein the peptide binds to at least one integrin receptor on a cell surface selected from 
the group consisting of avp3, av(55 5 4pi, 2pl, VCAM, ICAM CD44 ? V3Vx. The amino acid 
sequences of the peptides are disclosed (page 8, lines 7-26), and the specification on page 1 1, 
lines 9-11 and on page 12, lines 20-31 to page 13, lines 1-5, discloses how osteopontin can be 
modified to obtain the claimed peptides. The structure of osteopontin is well known in the art. It 
would therefore be routine for one skilled in the art to make the claimed peptides from the 
known structure of osteopontin, or, with knowledge of the disclosed sequences use other well 
known synthetic techniques. 

An active osteopontin peptide refers to an osteopontin fragment that possesses at least 
one biological activity of naturally occurring osteopontin (see page 11, lines 9-11). The 
biological activity of osteopontin that the claimed peptides have includes cell attachment and cell 
spreading activity. Osteopontin performs these biological functions by binding to receptors on 
the cell surface. It is well known in the art that osteopontin binds to more that one integrin 
receptor, as is exemplified by Hu, et al, J. Biol Chem. 270(1 1):26232-38 (1995) (see evidence 
appendix). The blast 2 sequence comparison (see evidence appendix) shows for example that 
SEQ ID NO 1 1 and 15 have conserved domains similar to osteopontin. One of ordinary skill in 
the art would expect the claimed peptides to bind to receptors capable of binding osteopontin. 
This ability of the peptides recited in claim 1 to bind to at least one integrin receptor on the cell 
surface is in fact demonstrated by the ability of anti-integrin antibodies to inhibit cell attachment 
(for example, SEQ ID NO: 15, (Table 8)). Although there is no need for examples, this example 
clearly demonstrates that the claimed peptides do indeed bind to integrins. There is no legal 
requirement that the claimed peptides bind all integrins or to all cell types for the peptides to 
have the specified utility. There is no legal requirement for actual reduction to practice. As long 
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as the specification discloses at least one method for making and using the claimed invention that 
bears a reasonable correlation to the entire scope of the claim, then the enablement requirement 
of 35 U.S.C. 1 12 is satisfied. Therefore claim 1 , which recites that peptides consisting of SEQ 
ID Nos. 7-15, bind to at least one intergrin receptor on a cell surface selected from the group of 
receptors recited in claim 1, claim 3 which recites that the peptide fragments of claim 1 bind to at 
least one integrin receptor selected from the integrin receptors listed in claim 3, and claim 5, 
which recites that the peptide fragments of claim 1 bind to at least on integrin on a cell surface, 
wherein the integrin is selected from the group consisting of the integrins listed in claim 5 are 
enabled. 

The peptides may be used to increase cell attachment to a biomaterial and to increase cell 
spreading. The specification on page 13, line 14 to page 14, line 2 describes how to coat the 
peptides on a material, and the types of materials that may be coated (page 10, lines 16-23 and 
page 14, lines 22-28). The specification on page 40, lines 4-31, and page 41, lines 1-8, describes 
how to measure cell attachment and cell spreading. Example 12 shows the ability of the claimed 
peptides to increase cell attachment and cell spreading. Therefore, it is clear that claim 2, which 
recites osteopontin peptide fragments which bind to at least one integrin receptor of the surface 
of a cell and increases attachment to a material and increases cell spreading, is enabled. 

Integrins are the principal receptors on animal cells for binding most extracellular matrix 
proteins, including collagen, fibronectin, and laminin. They are found on the surface of 
numerous cell types (see, for example, Molecular Biology of the Cell IV. Cells in Their Social 
Context. 19. Cell Junctions, Cell Adhesion, and the Extracellular Matrix, Garland Publishing 
(1994)). As is exemplified in Hu, et al, J, Biol Chem. 270(1 1);26232-38 (1995) and Tuck, et al, 
J. Cell. Biochem., 78:465-75 (2000) (see evidence appendix), osteopontin would bind to 
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different cell types that express its receptors. The cells employed by Hu, et al. are carcinoma 
cells, whereas Tuck, et al. employed epithelial cells. These references demonstrate that 
osteopontin would bind to at least one of its receptors on a cell expressing the receptor. The 
claimed active osteopontin peptide fragments have the ability to bind integrins as already 
mentioned, and since integrins are expressed on diverse cell types, it would be expected that the 
claimed peptides would bind the diverse cell types expressing integrins. The specification 
describes a number of cell types that may be regulated using the active osteopontin peptides 
fragments (page 8, line 29 to page 9, line 2). Although there is no requirement for examples, 
Example 12 and Table 8 on pages 53-55, demonstrate that plates coated with each of, SEQ ID 
NO:9, SEQ ID NO: 10, SEQ ID NO:l 1, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14 or SEQ 
ID NO: 15 bind to osteoprogenitor cells and significantly increases cellular attachment and spread 
over the control (uncoated plates). This is shown in table 8 with SEQ ID NO: 15, to be due to 
binding to the otvp3 receptor. As emphasized previously by the examiner, osteoprogenitor cells 
were able to spread in the presence of antibodies to CD44 and pi, showing that SEQ ID NO: 15 
does not bind to these receptors in a manner that is supportive of osteoblast function. The only 
conclusion that can be drawn from table 8 is that cell attachment and spread is not predominantly 
controlled by CD44 and pi. The study by Tuck et al., clearly supports this reasoning. Anti avp5 
and pi antibodies completely blocked migration of 21 PT and 2 INT cells but had no effect on 
migration of MDA-MB-435 cells (all mammary epithelial cells). Osteopontin-induced migration 
of MB-435 cells was completely blocked by anti- otvp3 antibodies. This is not because 
osteopontin does not bind to these integrins (Hu, et al., states that it does), but because migration 
in these cell lines is dependent on different integrins. Furthermore, more malignant MDA-MB- 
435 cells express otvp3 integrins, while less malignant cells do not (see Hu, et al. page 471). 



45062575vl 



9 



CMCC 779 
078856/00047 



U.S.S.N: 09/981,845 
Filed: October 18, 2001 
APPEAL BRIEF 

Similar to this reasoning, Noonan, et al, J. Orthop. Res., 14(4):573-81 (1996) (abstract; see 
evidence appendix), states that osteoprogenitor cells express low levels of CD44. These 
references combined demonstrate that osteopontin or any peptide capable of binding to 
osteopontin receptors can perform the same biological function in different cell types depending 
on the receptor predominantly expressed by that cell. The claims are drawn to peptides that bind 
to at least one integrin receptor to increase cell binding and spread. As demonstrated above, for 
osteoprogenitor cells in particular, there should be very little expectation of a dramatic inhibition 
of cell spread, when an antibody to an integrin expressed at low levels is used. Table 8 
demonstrated an 87% and 89% spread of osteoprogenitor cells in the presence of anti-CD 44 and 
anti-pi antibodies, not a 100% spread. The fact that a peptide binds to at least one integrin 
receptor as stated in the claims to improve cell attachment and spread, does not exclude that fact 
that it could bind more than one, the amount of cell spread induced by a particular receptor being 
commensurate to the level of expression of that receptor. This is shown on table 8 and supported 
by Noonan, et al. A conclusion cannot be drawn that the peptides do not bind to CD-44 and p 1 
considering the fact that osteoprogenitor cells express different integrin receptors at different 
levels. It would be expected by one skilled in the art that the amount of cell spreading in 
response to binding to a particular integrin receptor would be proportional to the level of 
expression of that receptor, if more that one type of receptor is expressed that can bind to the 
same peptide. 

Horton, Int. J. Biochem. Cell. Biol 29(5):721-25 (1997), states that avp3 expression has 
been shown in numerous cell types (see section entitled "Biosynthesis and Tissue Distribution" 
on page 722). Even though Horton does specifically teach the presence of avp3 on stem cells, 
there are art recognized techniques for determining the integrin expression profile of a cell, and 
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the integrins expressed by the cells recited in claim 6, such as ctvp3 are known in the art. A 
patent need not teach, and preferably omits, what is well known in the art. 

Osseointegration is a complex process and it involves wound healing and osteogenesis. 
The cells involved in theses processes, (such as those listed claim 6) are known in the art, and are 
defined in the specification (see age 2, line 29 to page 4, line 14, page 15, lines 10-20 and page 
29, lines 3-13, ). Because of the ubiquitous expression of integrins on cells, and the fact that the 
specification clearly demonstrates the ability of the peptides to bind to at least one integrin a cell 
surface, claim 6 which recites that the claimed peptides bind to at least one integrin receptor on a 
cell wherein the cell is selected from the cells listed claim 6, is enabled. 
(9) SUMMARY AND CONCLUSION 

The examiner has provided only speculation and unsupported arguments for why the 
specification is not enabling. It is well established that a specification is presumed to be 
enabling. A prima facie case of non-enablement can only be made upon a showing of evidence, 
not argument, of why one skilled in the art would not be able to make and use the claimed 
subject matter. Even assuming arguendo that the examiner has done so, appellant has rebutted 
this with reference to support not only in the specification but in the literature. The test for 
undue experimentation is not merely quantitative, since a considerable amount of 
experimentation is permissible, if it is merely routine, or if the specification in question provides 
a reasonable amount of guidance with respect to the direction in which the experimentation 
should proceed. In re Wands, 858 F.2d 731, 737, 8 USPQ2d 1400, 1404 (Fed. Cir.1988). It is 
clear from the direction and guidance given by the specification, the presence of working 
examples, the state of the prior art and the relative skill of those in the art, that one of ordinary 
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skill in the art could make the claimed peptides which bind to at least one integrin receptor a cell 
surface, and use the peptides to increase the cell attachment to a biomaterial and cell spread. 
For the foregoing reasons, Appellants submit that claims 1-3, 5 and 6 are enabled. 



Date: February 24, 2006 
PABST PATENT GROUP LLP 
400 Colony Square, Suite 1200 
1201 Peachtree Street 
Atlanta, Georgia 30361 
(404) 879-2151 
(404) 879-2160 (Facsimile) 
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Appendix: Claims On Appeal 

1. An active osteopontin peptide fragment comprising an amino acid sequence 

selected from the group consisting of SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9 5 SEQ ID 
NO: 10, SEQ IDNO:ll, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, and SEQ ID NO: 15, 
wherein the peptide binds to at least one integrin receptor on a cell surface selected from the 
group consisting of avp3, avp5, 401, 2pi, VCAM, ICAM CD44, V3Vx. 

2. The peptide fragment of claim 1, wherein the peptide increases cell attachment to 
a biomaterial and increases cell spread. 

3. The peptide fragment of claim 1, wherein the peptide binds to at least one integrin 
receptor on a cell surface selected from the group consisting of VCAM, ICAM CD44, and 
V3Vx. 

5. The peptide fragment of claim 1 wherein the integrin(s) is selected from the group 
consisting of otvp3, otv p5, 4pl, and 2pl. 

6. The peptide fragment of claim 1 wherein the cell is selected from the group 
consisting of osteoprogenitor cells, tumor cells, macrophages, periosteal cells, endothelial cells, 
epithelial cells, eosinophils, stem cells, limited potential precursor cells, precursor cells, 
committed precursor cells, and differentiated cells. 
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Evidence Appendix 

I. Evidence submitted with Amendment May 11, 2004 
Hu, et al., J. Biol. Chem. 270(44):26232-26238 (1995) 
Tuck, etal, J. Cell. Biochem. 78:465-475 (2000) 

II. Evidence submitted with Substitute Appeal Brief December 2, 2004 
Noonan, et al., J. Orthop. Res. 14(4):573-581 (1996) (Abstract) 

III. Evidence submitted with Amendment June 15, 2005 
Webster's Third New International Dictionary definition of "fragment" 
Horton, Intl. J. Biochem. 29(5):721-725 (1997) 

Blast 2 sequences comparing SEQ ID No: 1 and SEQ ID NO: 15 
NCBI Conserved Domain Search SEQ ID NO:l 1, SEQ ID NO: 15 
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Osteopontin (OPN) is an extracellular matrix protein 
that binds to integrin 0^3. Here we demonstrate that 
two other integrins, a v p 1 and are also receptors for 
OPN. Human embryonic kidney 293 cells adhere to hu- 
man recombinant osteopontin (glutathione S-transfer- 
ase-osteopontin; GST-OPN) using integrin a^. When 
the 293 cells are transfected with the JJ 5 subunit, they 
can also adhere to GST-OPN using integrin aJ3 5 . Diva- 
lent cations regulate the binding of GST-OPN to both 
aJJj and o^Ps, Mg z+ and Mn 2+ support the binding of 
GST-OPN to these integrins but Ca i+ does not. The high- 
est affinity is observed in Mn 2+ . In the presence of this 
ion, the affinity of GST-OPN for a v fi x is 18 nM and the 
affinity for aJJg is 48 nM. The antibody 8A2, which is an 
agonist for 0„ promotes the adhesion of 293 cells to 
GST-OPN even when Ca 2+ is present. This observation 
suggests that cellular events could modulate the affinity 
of at^Pi for OPN. Collectively, these findings prove that 
integrins o^, o v p 3 , and aJJg have similar affinity for 
OPN. Therefore, all three integrins must be considered 
when evaluating the biological affects of OPN. 



Osteopontin (OPN) 1 is a secreted phosphoprotein that was 
originally isolated from bone (1). OPN is also found in many 
other fluids and tissues including milk, urine, placenta, kidney, 
leukocytes, smooth muscle cells, and some tumor cells (for 
reviews, see Refs. 1 and 2). OPN supports cell adhesion through 
its Arg-Gly-Asp (RGD) integrin recognition motif. OPN is also 
rich in aspartlc acid residues, and can be heavily glycosylated. 
The acidic nature of OPN probably accounts for its ability to 
modulate the growth of calcium crystals in both bone (1, 2) and 
urine (3). 

Integrin 0^3 is the established receptor for OPN. In bone, 
ct v p 3 is expressed on osteoclasts and it initiates bone resorption 
by mediating adhesion of the osteoclast to OPN in bone (4-6). 
It has also been hypothesized that OPN and integrin 0^3 
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facilitate vascular remodeling because these two proteins are 
co-localized in smooth muscle cells following balloon angio- 
plasty (7). Both OPN and integrin at v /3 3 are also present in 
human placenta (8, 9), so their interaction could also be rele- 
vant to pregnancy. 

Although QV03 is clearly a receptor for OPN. many other 
integrins also bind the RGD motif (10. 1 1) and no data have 
excluded other Integrins as receptors for OPN. Therefore, we 
hypothesized that other integrins with the a v subunit may also 
bind OPN. The purpose of this study was to provide a quanti- 
tative biochemical analysis of the binding between OPN and 
integrins a£j3t and «v0s- We reason that a measure of these 
binding affinities will allow a meaningful comparison with the 
binding affinity of OPN to 0^3 (12). If more than one integrin 
does bind OPN with similar affinity, then much information 
attributing adhesion and signaling events entirely to the inter- 
action between OPN and 0^3 should be re-evaluated. 

MATERIALS AND METHODS 

Cell Lines—Human embryonic kidney carcinoma 293 cells were ob- 
tained from ATCC and maintained In Dulbccco's modified Eagle's me- 
dium (Bio Whittaker) supplemented with 10% fetal calf serum (Irvine 
Scientific). 20 mM Hepes (pH 7.4). 1% glutamine. 1% penicillin, and 1% 
streptomycin (Sigma). Human Integrin subunit 0 5 was cloned using 
polymerase chain reaction and subcloned Into the mammalian expres- 
sion vector pcDNA3 (Invltrogen). Kidney 293 cells were transfected at 
passage 40 with /3s/pcDNA3 or pcDNA3 vector alone using V\£[l-(2.3- 
dloleoyloxy)proplj-M N, VV-trimethylammonlum methylsulfate transfec- 
tlon reagent (Boehrlnger Mannheim). Stable trans fee tan ts were ob- 
tained after selection in 500 /ig/ml G418 (Slgmas) for 2 weeks and 
maintained thereafter in 250 fig/ml G418. Cells expressing high levels 
of a v 0 s were obtained by sterile FACS with an anti-0 5 monoclonal 
antibody (mAb), P3G2. 

Protein Expression and Purification—In this study a recombinant 
form of OPN fused the glutathione S- transferase (GST-OPN) was used 
as ligand. We have previously described the characterization of this 
ligand (12). GST-OPN supports cell adhesion in a manner equivalent to 
native uropontin, a form of OPN purified from human urine (12). We 
have also found that both versions of OPN function equally in support- 
ing cell adhesion through integrin a^g and o^/J, (data not shown). 
GST-OPN was chosen In the interest of consistency in performing cell 
binding studies and because of its availability. Integrin oj3 5 was puri- 
fied from a human placental extract using monoclonal antibody affinity 
chromatography as described previously (13). The identity and the 
purity of this protein was assessed by N-terminat amino acid sequenc- 
ing and by its ability to bind a series of monoclonal antibodies specific 
for either or av0 5 . 

Vitronectin was purified from human plasma by affinity chromatog- 
raphy on heparin-Sepharose as described (14). 

Antibodies— The monoclonal antibody 8A2 and Its Fab fragment bind 
to the integrin 0, subunit and stimulate the ligand binding function of 
integrins containing this subunit An in-depth characterization of this 
antibody has been published (15. 16). Monoclonal antibody L230 (anti- 
«0 was purified from cell culture supernatant from hybridoma cells 
(ATCC. HB8448) by using protein A-Sepharose. The blocking activity of 
this antibody has been reported previously (17). Monoclonal antibody 
P4C10 (anti-/3j) was purchased from Life Technologies. Inc. and was 
used in ascites form, normally at a dilution of 1 :500. Antl-/3 t monoclonal 
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Fic. 1. FACS analysis of integrin expression on kidney 293 cells. A panel of monoclonal antibodies was used to assess integrin expression 
on wild-type and £ 5 -transfected human kidney 293 cells. Cells were incubated with mouse IgG or with the noted primary antibodies and then with 
secondary fluorescein isothiocyanate-conjugated goat anti-mouse IgG. Following extensive washing to remove free antibody the cells were analyzed 
by How cytometry. The expression level of each integrin subunit Is indicated by the mean fluorescence intensity. The integrin expression profile 
of wild-type 293 cells was analyzed with mAb LM609 against c^fa (/i). P3G2 against «A (^). 14H4 against ^ (Q, and mAb 1977 against 0. (D) 
Following transfectlon of these cells with the cDNA for & the expression of the o^ s heterodimer was detected with mAb P3G2 (JQ. Cells 
transfected with the vector pcDNA3 alone exhibited a profile identical to wild-type 293 cells (not shown). 



1977 was purchased from Chemicon Int. Inc.. Monoclonal antibody 6B9 
(anti-o^s) was produced in this laboratory (18). The polyclonal anti- 
body T545 was raised in this laboratory by immunizing rabbits with 
highly purified Integrin or v £ 3 . Prior characterization shows that T545 
binds and immunoprecipltates any Integrin containing the a v subunit 
(data not shown). Nonspecific mouse IgG was obtained from Calbio- 
chetn. Monoclonal antibodies LM609 (anti-ajy and P3C2 (antl-ajy 
were generously provided by Dr. David Cherish fThe Scripps Research 
Institute). 

Synthetic Peptides— The synthetic peptides with sequence GRGDSP 
and SPGDRG were purchased from Coast Scientific (La Jolla. CA). 

Fluorescence-activated Ceil Sorting (FACS)— FACS analysis was per- 
formed using standard protocols. Briefly, cells were harvested in phos- 
phate-buffered sallne/EDTA, washed once with Dulbecco's modified 
Eagles medium, and resuspended In the same media. Cells were incu- 
bated with primary antibody for 30 min on Ice and then washed twice. 
Cells were then Incubated with fluorescein isothfocyanate-conjugated 
goat anti-mouse secondary antibody (Caltag) for 30 min on ice. Cells 
were washed twice with media and resuspended In phosphate-buffered 
saline for FACS analysis. FACS analysis was performed on a Becton 
Dickinson FACSsort 

Ceil Adhesion Assays-— Cell adhesion was measured as described 
previously (19). GST-OPN or vitronectin were coated onto 95-well mi- 
cro titer plates (Titertek) and Incubated overnight at 4 *C. Our meas- 
urements using ,2S I-GST-OPN as a tracer indicate that 13-19% of the 
GST-OPN actually binds the plate when the coating concentration is 
between 1 and 100 nM. Thus, the amount or ltgand available for cell 
adhesion is considerably less than the coating concentration. There was 
little variability in coating efficiency so comparisons of cell adhesion as 
a function of coating concentration are valid. Following exposure to 
GST-OPN, the plates were then blocked by 30 mg/ml bovine serum 
albumin in TBS (pH 7.4) for 1 h at 37 X. Cells were harvested from 
tissue culture flasks with phosphate-buffered sallne/EDTA, washed, 
and resuspended in adhesion buffer containing 1 X Hanks' balanced 
salt solution lacking divalent cations, 50 mM Hepes (pH 7.4). 1 mg/ml 
bovine serum albumin and 0.S mM Mn 2+ , 2 mM Ca 2+ , or 2 mM Mg 2 *. In 
most experiments 100 /il of cells (l.S x 10° cells/ml) were added to each 
well. Where required, appropriate concentration of agonists (e.g. acti- 
vating mAb 8A2, typically at 1 fig/ml) or antagonists {e.g. EDTA at 20 
nut or blocking antibodies. 1:500 for ascites and 5-20 Mg/ml for purified 
mAbs) were mixed with the cells before they were added to the wells. 
Various batches of control ascites gave no inhibition at a 1:500 dilution. 
After a 45-min incubation at 37 *C. the non-adherent cells were washed 
off with TBS by gentle aspiration. Adherent cells were detected by a 
colorimetrlc assay measuring endogenous cellular lysosomal add phos- 
phatase activity with a chromophore that absorbs at 405 nm (20). A 
standard curve with cells in suspension showed that absorbance values 
were directly proportional to cell number. All experiments were per- 
formed at least three times yielding identical results. 

Radioligand Binding Measurements— To assess the affinity of GST- 
OPN for Integrins on the 293 cells, binding isotherms of the interaction 
between l2S I-labeied GST-OPN and 293 cells were generated. GST-OPN 
was radiolabeled with Na 125 I using IODO-GEN (Pierce Chemical Co.). 
The specific activity was between 2 and 7 X 10" 4 cpm/ng of protein. For 
binding assays, cells were harvested and resuspended In adhesion 
buffer containing 0.5 mM Mn ,+ , which had been found to promote 



maximal cell adhesion to GST-OPN. A concentration range of ,2S I-GST- 
OPN was added to the 293 cells or the 0 s -transfected 293 cells (1 X 10° 
cells/ml) in suspension and the mixture was then Incubated for 70 min 
at 14 a C. At the end of the incubation period, quadruplicate samples of 
cells (90 ftl) were carefully layered onto 20% sucrose cushions (280 /*1) 
In microcentrifuge tubes (West Coast Scientific Inc., Hayward, CA). The 
tubes were ccntrlfugcd for 3 min at 14,000 rprn and the cell pellet in the 
Up of the tube was amputated and counted in a y-counter. Nonspecific 
binding was measured In the presence of 20 mM EDTA and was sub- 
tracted from total binding to yield specific binding. All measurements 
were repeated at least three times yielding identical results. 

Bound protein was calculated from the specific activity of the labeled 
ligand and the results are presented as molecules bound per cell, 
[CST-OPNI^,,*,. Scatchard plots were derived by plotting y/(GST- 
OPN] frwi against y, where y represents IGST-OPNI^J/total number of 
cells. The binding affinity (KJ of cell surface integrin for GST-OPN is 
derived from the slope of this plot. In cases where blocking antibodies 
were present, preincubation with the antibodies at 14 "C for 15 min was 
carried out prior to adding l2S I-GST-0PN. In cases where binding was 
stimulated with 8A2, the antibody was added simultaneously with the 
labeled ligand. 

The ability of purified integrin oJ9 a to bind GST-OPN was also 
measured using a solid phase binding assay previously described (19). 
Purified aj3 5 was Immobilized on 96-well Titertek mlcrotiter plates at 
a coating concentration of 50 ng/well. After incubation overnight at 
4 'C, nonspecific protein binding sites on the plate were blocked with 30 
mg/ml bovine serum albumin and 1 mM of the desired divalent cation(s) 
in TBS (pH 7.4). Radiolabeled GST-OPN in either 2 mM Ca 2 + or 0.2 mM 
Mn 2 * was then added to the plate. In control wells, nonspecific binding 
was measured in the presence of a competing RGD peptide. Nonspecific 
binding was subtracted from the total binding to yield specific binding. 
Each data point Is a result of the average of triplicate wells. 

RESULTS 

Generating Cell Lines to Study the Binding between OPNand 
Ov-Integrins— To study the binding of oe v ^ l and to OPN we 
chose the kidney 293 cells because they lack the aj^ integrin. 
These cells do express endogenous crJJ, (21). Thus, the wild- 
type 293 ceils serve as a model for measuring OPN binding to 
<*v0i* To generate a cell line with which we could measure the 
interaction of ot^g with OPN, the 293 cells were transfected 
with the cDNA for /3 S . The integrin profile of the wild-type and 
j3 5 -transfected 293 cells was compared by flow cytometry (Fig. 
1). These studies confirm that the wild-type 293 cells fail to 
express o^p 3 (panel A) or aJ3 5 {panel £). The cells express both 
the a v and p x subunits {panels Cand D). Our immunoprecipi- 
tations are consistent with prior studies (21, 22) which indicate 
that a v p l is the predominant p t containing integrin on these 
cells (data not shown). Following transfectlon with the /3 S 
cDNA the 293 cells also express the c^fa heterodimer on the 
cell surface {panel E). The cells transfected with the cDNA for 
j3 5 display a 10-fold greater binding of anti-/3 s antibody than 
the vector transfected or wild- type 293 cells. The expression of 
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Fic. 2. Wild-type 293 cells and 0 r transfected 293 cells adhere 
to OPN. The adhesion of wild-type {open bars) and 0 5 -transfected (dark 
bars) 293 cells to GST-OPN was challenged with a series of blocking 
monoclonal antibodies. Cell adhesion to GST-OPN was performed In the 
presence of LM609 (anti-a^J. P1F6 (anti-o^g), P4C10 (anti-0,), the 
mixture of P1F6 and P4C10. L230 (anti-aj. and RGD peptide as a 
control inhibitor. The results are expressed as a percentage of control 
adhesion in the presence of mouse IgC (control). 'Hie data are the mean 
of triplicate wells. Error bars denote the standard deviation. This ex- 
periment was performed four times yielding identical results. 

otvPs on 293 cells was also confirmed by immunopreclpltation 
and Western blotting using antibodies specific for aJ3 5 (data 
not shown). 

Integrins o v p l and ot^ are Receptors for OPN— To deter- 
mine whether «J3 4 and a v j3 5 could mediate cell adhesion to 
GST-OPN, the wild-type and /3 5 -transfected 293 cells were 
allowed to adhere to immobilized GST-OPN. Both cell lines 
adhere to GST-OPN (Fig. 2). The adhesion was blocked by RGD 
peptide and by P4C10, an antibody against the p x subunit The 
adhesion of these cells was also inhibited by L230. an antibody 
that blocks function of ov The antibody against 0^3. LM609 ( 
had no effect. Based on these data, and immunoprecipitation 
experiments showing that the majority of 0, in these cells is 
complexed with (data not shown), we conclude a v 0, is a 
receptor for OPN. 

The adhesion of 0 5 -transfected 293 cells was also blocked by 
the antibody against the a v subunit (L230). Approximately 70% 
of the adhesion of the 0 5 -transfected cells could be blocked by 
P1F6, an antibody that interferes with llgand binding to o^g. 
The remainder of the adhesion (30%) could be blocked by an- 
tibody against the 0, subunit, indicating that the endogenous 
a v p l contributes to the adhesion of these cells to OPN. These 
experiments show that aJ3 5 can also mediate cell adhesion to 
OPN. 

The Cation Dependence of Adhesion to OPN Is Distinct from 
the Cation Dependence for Vitronectin— €a 2+ does not support 
the binding of OPN to integrin o v p 3 (12). To determine if Ca 2+ 
is similarly ineffective in supporting GST-OPN binding to og3| 
and og3 5 . we tested the ability of Ca 2 *, Mg 2+ , and Mn 2+ to 
support the adhesion of wild-type and /3 s -transfected 293 cells 
to GST-OPN (Fig. 3. panels A and £}• For comparison, the 
ability of each ion to support the adhesion of each cell line to 
vitronectin is also shown (panels Cand D). In this study, the 
amount of coated protein was varied across a concentration 
range. Each ion was used at a concentration found to support 
maximal adhesion (not shown). Ca 2+ did not support adhesion 
of either ceil line to GST-OPN. However, Ca 2 **" did enable 
maximal cell adhesion to vitronectin. Mn 2+ was most effective 
in supporting the adhesion of ogSj and a v p 5 expressing cells to 
GST-OPN. Mg 2+ , which is likely to be the physiologically rel- 
evant Ion, also supported adhesion. Despite slight differences 
In the rank order potency of divalent ions in supporting adhe- 
sion to vitronectin, all three ions did support maximal adhesion 
to this protein. Physiologic levels of Ca 2+ supported adhesion to 
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Fic. 3. A comparison of the effects of divalent lans on cell 
adhesion to osteopontin and vitronectin. The adhesion or kidney 
293 cells expressing either integrin a v 0, {panels A and Q or integrin 
{panels Band D> to either GST-OPN {panels A and or vitronec- 
tin {panels Cand Q was tested in buffer containing Ca 2+ (■), Mg 2+ ( ). 
or Mn 2+ (•). The adhesion of the 0 5 -transfected cells was measured in 
the presence of antibody P4C10 to eliminate any contribution of endog- 
enous a v 0, to cell adhesion. Adhesion assays were conducted as de- 
scribed under "Experimental Procedures." Each data point is the aver- 
age of quadruplicate measurements. This experiment was performed 
four times yielding Identical results. Additionally, in separate experi- 
ments, identical results were obtained when uropontin was used as 
immobilized ligand. 

vitronectin but not to GST-OPN. We conclude that there is a 
fundamental difference in the cation requirement of integrin 
binding to OPN as opposed to vitronectin. 

Measuring the Affinity of GST-OPN for o^, and The 
OPN receptor that has received the most attention is integrin 
a v 0 3 . We recently measured the affinity between GST-OPN 
and purified integrin oJ3 3 and found the apparent K d to be 
between 5 and 30 nM (12). Recent binding studies between 
GST-OPN and aj3 3 on the surface of M21 melanoma cells has 
yielded a similar affinity (data not shown). To gauge the sig- 
nificance of the binding of OPN to a v p l or oe v 0 s , It is important 
to compare the binding affinities between OPN and each of 
these integrins. To measure the affinity of OPN for a^p x and 
ctvPs, we performed binding assays with soluble l25 I-GST-OPN. 
These binding studies were performed by harvesting the wild- 
type 293 cells or the /3 s -transfected 293 cells from tissue culture 
flasks and placing the cells in suspension. Binding studies were 
done in Mn 2+ to obtain the highest affinity between GST-OPN 
and the two integrins. In the case of the 05-transfected cells, we 
found that a small component (typically 10-20% of total bind- 
ing) of GST-OPN binding was mediated through endogenous 
o^p lt To eliminate this component from the analysis, the bind- 
ing studies with the 0 s -transfected cells were performed in the 
presence of a saturating level of a function blocking antibody 
against the /3, subunit. Initial control binding studies showed 
that the specific binding of l25 I-GST-OPN to both wild-type and 
j3 5 -transfected 293 was Inhibited completely by an RGD peptide 
and by blocking antibody against the Oy subunit (data not 
shown). To measure the relative affinity of GST-OPN for inte- 
grin ojSj and ajSg, binding isotherms were generated across a 
concentration range of l25 I-GST-OPN (Fig. 4). Scatchard anal- 
ysis of the binding Isotherms revealed that OPN has an affinity 
of 18 nM for a v p t (Fig. 4£) and 48 nM for a^g (Fig. 4D) . These 
affinity constants are similar to the apparent K d (5-30 nM) we 
measured between GST-OPN and purified o^fa (12). Conse- 
quently, the binding affinity between GST-OPN and all three 
a v -integrins is similar. 
Binding of GST-OPN to Purified Integrin og3 5 — Integrin 
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Fig. 4. A measurement of the bind- 
ing affinity between GST-OPN and 
aj*! and aJJj. Isotherms of ,2S I-GST- 
OPN binding to wild-type 293 cells (A) 
and 03-transfected 293 cells [Q main- 
tained in suspension were generated. 
Cells were harvested from tissue culture 
flasks as usual and were resuspended in 
adhesion buffer containing 0.5 mM Mn 2+ . 
Mn 2 * was chosen to measure the highest 
affinity between GST-OPN and the two 
integrins. us I-GST-OPN of increasing 
concentration was added to the cells and 
the mixture was allowed to incubate with 
rocking for 70 mln at 14 "C. Bound ligand 
was separated from free ligand by centrif- 
ugatlon through sucrose cushions (see 
"Experimental Procedures"). Each point 
is the average of triplicate data points and 
each isotherm Is representative of at least 
three repetitions. The error bars show the 
standard deviation. To derive the affinity 
of the interaction between GST-OPN and 
integrin 0^0, or integrin o^ft. the data 
shown in panels A and C were replotted 
according to the method of Scatchard (53). 
This derivation yields Scatchard plots for 
GST-OPN binding to a v /J, (£& and aJ3 s 
(£). The R 2 values for these lines are 0.87 
and 0.90, respectively. 
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ojSg is abundant enough in placenta to purify aJ3 5 for direct 
binding studies (13). We measured the binding of l2S I-GST- 
OPN to purified og3 s using the same format that was previ- 
ously used for oj3 3 (12). As shown in Fig. 5A Mn 2 + Is more 
effective than Ca 2+ in promoting the binding of OPN to a v /3 5 . 
Although this assay format does not allow an exact derivation 
of K d because the binding of ligand to integrin is irreversible in 
this assay format (1 1), we can assign an apparent K d and 
compare this value to that obtained for a^p 3t In Mn 2+ , the 
apparent K d of GST-OPN for aJ3 5 is 20 nM, which is compara- 
ble to the value of 5-30 nM for og3 3 (12). Thus, the two purified 
integrins bind GST-OPN with nearly equal affinity. The puri- 
fied ar v /3 5 is obtained from a placental lysate by first depleting 
the lysate of aJ3 3 by affinity chromatography. Therefore, we 
performed an enzyme-linked immunosorbent assay on the pu- 
rified aJ3 5 to make sure that it contained no contaminating 
a v 0 3 . This enzyme-linked immunosorbent assay was done with 
mAb 6B9 which is specific for aj3 5 (18) and mAb LM609 which 
binds only to oJ3 3 . As shown in Fig. SB, the purified a v fi 5 
contains no detectable ovft,, proving that OPN binds to purified 

Adhesion to OPN through Integrin a v p l Can Be Stimulated 
by Activation of the $ x Subunit with Monoclonal Antibody 
8A2— It has been reported that many integrins can exist in 
multiple affinity states (16, 24-30). These observations indi- 
cate that there may be cellular pathways that control the 
affinity of an Integrin for its ligand. Because our data shows 
that Ca z+ does not support adhesion to OPN, we wondered if 
other stimuli could override this phenomena Since the physi- 
ologic stimuli that regulate integrin affinity have not been 
completely discerned, we made use of the monoclonal antibody 
8A2. This antibody is a known agonist for /3 t integrins (15, 16) 
and it has been suggested that 8A2 mimics the physiologic 
activation of these integrins. We tested the ability of 8A2 to 
stimulate the adhesion of 293 cells to OPN. These studies were 
performed in buffer containing Ca 2+ . As shown in Fig. 6A 293 
cells adhered to GST-OPN in the presence of mAb 8A2 In buffer 
containing Ca 2+ . No adhesion to GST-OPN was observed In the 
presence of normal mouse IgG In the same buffer. To determine 
whether this stimulation was saturable and corresponded with 
the binding of 8A2 to ag3 1( the number of cell surface binding 
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Fig. 5. Integrin aJ3 3 is also a receptor of osteopontin. 4, the 
binding of GST-OPN to integrin oj^ was also determined by a solid 
phase binding assay. This study was done in buffer containing Mn 2+ 
(0.2 mM. •) or Ca z * (2 mM, ■) as divalent cation. The binding assay was 
performed as described previously (19). The data are the average of 
triplicate points in which the error was less than 12% of the total 
binding. Nonspecific binding was less than 8% of the total binding as 
determined by incubation with competing RGD peptide. Nonspecific 
binding Is subtracted from the total binding. B. to ensure that no 
contaminating was present in the preparation, an enzyme- 
linked immunosorbent assay was performed. The monoclonal antibody 
6B9 (■) (18) was used as a probe of integrin and antibody LM609 
(•) was used to detect integrin o^,. 

sites for the antibody was measured. As shown in Fig. 6S the 
binding of lZ5 I-mAb 8A2 to 293 cells in suspension approaches 
saturation between 0.5 and 1 fig/mi of antibody. This concen- 
tration corresponds closely with the amount of the antibody 
that maximally stimulates adhesion to OPN (Fig. 6i4). From 
the Scatchard plot shown In Fig. 6C, the K d of mAb 8A2 for 
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Fig. 6. Antibody 8A2 stimulates 293 cell adhesion to OPN in 
Ca 2+ . A the adhesion of wild-type 293 cells to GST-OPN was measured 
in the presence of a range of mAb 8A2 (•) or normal mouse IgG ( ). 
Ceils were resuspended In adhesion buffer containing 2 mM Ca***. The 
cells (100 /U at 1,5 x 10" cells/ml) were allowed to adhere to GST-OPN 
at a coating concentration of 10 nM. The data are the mean of triplicate 
wells. Error bars denote the standard deviation. This experiment was 
performed three times yielding Identical results. B t the affinity and 
number of binding- sites on 293 celts for mAb 8A2 was measured by 
generating a binding isothenn with radiolabeled 8A2. Nonspecific bind- 
ing was determined by competition with an excess of unlabeled 8A2 and 
was typically less than 10% of total binding. The specifically bound 
counts are shown. C these data were transformed into a Scatchard plot 
(53) to quantify the binding affinity and the number of binding sites. 

on 293 cells is 1.4 nM and the number of cell surface binding 
sites is 51,000. This value matches exactly the number of a v /3j 
molecules on the cell surface as measured by binding of I2S I- 
GST-OPN (Fig. 4, A and £). 

We also examined the ability of mAb 8A2 to stimulate cell 
adhesion across the range of coated GST-OPN (Fig. 7/1). In the 
presence of mAb 8A2. the coating concentration of GST-OPN 
that support half-maximal cell adhesion is similar to that ob- 
tained in Mn z+ (Fig. 3A), indicating that both 8A2 and Mn 2+ 
induce the high affinity state of a v p t . To verify that mAb 8A2 
stimulates adhesion to OPN by enhancing the affinity state of 
OvJ3i. adhesion assays were done In the presence of mAb 8A2 
and a series of antagonists, Including RGD peptide, antibody 
P4C10 (anti-|3j), and mAb L230 (anti-a v ). The adhesion to 
GST-OPN that is induced by mAb 8A2 can be blocked by each 
of the above inhibitors (Fig. 7£). Neither random peptide nor 
mouse IgG affected cell adhesion. Several other control exper- 
iments were also performed. These studies showed that the Fab 
fragment of mAb 8A2 was as effective as the whole antibody 
and that mAb 8A2 did not induce the expression of more ct v p x 
on the cell surface. 

DISCUSSION 

Many interactions between cells and the extracellular ma- 
trix depend on cellular recognition of the RGD motif within 
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Fig. 7. mAb 8A2 simulates adhesion to GST-OPN through In- 
tegrin oJJ,. A, the adhesion of wild-type 293 cells to GST-OPN was 
measured in the presence of a range of coated GST-OPN in the presence 
of 1 /xg/ml of either 8A2 (•) or normal mouse IgG (■). Cells (100 jd at 
1.5 X 10° cells/ml) were resuspended in adhesion buffer containing 2 
mM Ca 2+ and were allowed to adhere to a range of GST-OPN for 45 min 
at 37 *C. The data arc the mean of triplicate wells. Error bars denote 
the standard deviation. B. to confirm that integrin oJ3, is mediating 
8A2-stimulated adhesion to GST-OPN in Ca*+, the adhesion was chal- 
lenged by synthetic peptides and monoclonal antibodies. These are: 
mAb 8A2 only (A), 100 /im GRCDSP 100 /*M SPDGRG (Q. 1:500 
dilution of antt-p, ascites P4C10 (£9, 20 jig/ml of anti-a v mAb L230 (£). 
and 20 /ig/ml nonspecific mouse IgG (f). 

adhesive proteins. Small peptides with the RGD sequence will 
bind to several Integrin adhesion receptors, but larger adhesive 
proteins display considerable integrin binding specificity. 
Therefore, an important Issue with every RGD-containing ad- 
hesive protein is to identify its receptor(s). OPN, for Instance, 
binds to integrin a v /3 3 , but not to the platelet integrin a IIb £ 3 
(12). However, it is now apparent that several integrins have 
ligand binding properties similar to otv0 3 , these are the four 
other integrins containing the ot v subunit, aj3,, a v 0 5 , c^p Ql and 
og3 a (22). Like ag3 3 , two of these Integrins, aj^ and aJSg, bind 
to vitronectin. This functional similarity lead us to suspect that 
both of these integrins may also bind OPN. Since both a v ^ 1 and 
a v 0 5 have been identified in tissues, like bone and the vascu- 
lature where OPN is involved in tissue remodeling (1, 2, 31), 
there is the potential for a physiologically relevant Interaction 
between these integrins and OPN, 

Ideally experiments designed to characterize the interac- 
tions between integrins and their llgands would provide a 
quantitative measure of these interactions so that a hierarchy 
of binding affinities is available. Here, the affinity between 
OPN and integrin oc v 0 1 and otj3 5 was determined by measuring 
the binding of 125 I-GST-OPN to these integrins present on the 
surface of kidney 293 cells. Scatchard analysis shows that in 
the highest affinity state, the K d of GST-OPN is 18 nM for a v j3, 
and 48 nM for ajl s . We also measured the apparent affinity 
between GST-OPN and purified integrin oj3 s . It was impossi- 
ble to determine a K d using Scatchard analysis because GST- 
OPN binding to a v 0 5 immobilized in microtiter wells was non- 
dissociable. This non-dissociable binding has been observed 
previously with integrin a v j3 3 and its potential physiologic sig- 
nificance has been discussed (23). Despite this binding anom- 
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aly, the apparent K d (20 nM) between GST-OPN and purified 
integrin a v /3 s is comparable to the affinity between GST-OPN 
and purified a v /3 3 measured in the same assay under the same 
conditions (12). In addition, several cell adhesion experiments 
showed that the coating concentration of GST-OPN necessary 
for half-maximal cell adhesion through a v /3,. a v 0 s (Fig. 3, A and 
Bj t and c^ft, (12) was identical. Collectively, our data suggest 
there is no substantial preference in the binding of OPN to any 
of these a v -integrins. It is important to reiterate that OPN does 
not bind to all integrins. We recently measured the binding of 
OPN to the platelet Integrin ct llh p 3 and showed that these two 
proteins do not interact (12). 

The binding of OPN to its different cvintegrin receptors is 
also similar with respect to divalent ion requirement. We pre- 
viously found that both Mg 2+ and Mn 2+ support OPN binding 
to integrin o^fr,, but that Ca 2+ suppresses this interaction (12). 
Here, we show that Ca 2+ also fails to support the binding of 
OPN to integrins aJ3| and og3 s . This observation is important 
because it Illustrates a key difference between the binding of 
OPN and vitronectin to a v -integrins. Although small differ- 
ences exist in the rank-order potency of divalent ions In sup- 
porting adhesion to vitronectin, physiologic levels of Ca 2+ sup- 
ported maximal cell adhesion to this protein through a^, and 
or v /3 5 . This Is in contrast to the adhesion to OPN which is not 
supported at any level by Ca 2+ . In this regard it is worth noting 
an important biochemical distinction between vitronectin and 
OPN. The vitronectin used In these studies is a multimer, often 
containing between 12 and 15 vitronectin moieties per mul- 
timer (32, 33). There is substantial evidence that the multim- 
eric vitronectin is also present in extracellular matrices in vivo 
(32-34). In contrast, the OPN used in these studies was proven 
to be monomeric by mass spectral analysis (12) and gel filtra- 
tion chromatography (data not shown). The soluble OPN found 
in body fluids is also assumed to be a monomer. Consequently, 
it is possible that multimeric vitronectin engages several inte- 
grins simultaneously, thereby overriding an otherwise lower 
affinity between vitronectin and oey-intcgrins In calcium ion. 

While Ca 2+ does not support OPN binding to Integrins c^fa 
and a v 0 s , Mn 2+ is able to enhance the binding. This result is 
not unexpected because Mn 2+ Is known to activate iigand bind- 
ing functions of many integrins (22, 35-38). The physiologic 
activation of integrins can also be mimicked by monoclonal 
antibodies (1 6, 39-4 1). For example, several studies have dem- 
onstrated that integrins can be subject to physiologic activa- 
tion. The best example is the platelet fibrinogen receptor inte- 
grin a nt fi 3 , which exists in a dormant state on resting platelets. 
This integrin responds to platelet activation by increasing its 
affinity for soluble fibrinogen (42). This increased binding af- 
finity enables platelet aggregation at the site of a wound. Our 
data Indicate that the binding of GST-OPN to integrin o w p l can 
be enhanced by both Mn z+ and the mAb 8A2, which is known 
to be an agonist of other jSj -Integrins. Although several other 
integrins are known to have agonists other than divalent Ions 
(16), to our knowledge, this is the first demonstration that the 
affinity of an ivintegrin can be modulated by an agonist be- 
sides Mn 2+ . By analogy with other integrins that are similarly 
stimulated, it is possible that this artificial stimulus indicates 
the potential for enhancing the affinity state of the integrin by 
physiologic means. It is important to emphasize that even 
when Ca 2 "*" Is present, the mAb 8A2 was able to enhance cell 
adhesion to OPN to maximal levels. Thus, the suppressive 
effects of Ca 2 * can be overridden by other stimuli. In future 
studies, it will be important to determine if oj3 3 and o^g can 
be similarly stimulated to bind OPN when Ca 2 * Is present and 
to determine If there are cellular signals that can promote 
adhesion to OPN in Ca 2+ . 
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The binding of OPN to a v p l and aj3 5 may be important to 
bone homeostasis. OPN is thought to be one of the most impor- 
tant matrix proteins for osteoclast adhesion (2, 4). In addition, 
soluble OPN stimulates intracellular signaling in osteoclasts, 
including Ca 2+ fluxes and the phosphorylation of intracellular 
proteins (43). It has been reported that integrin aj^ is present 
on human osteoclasts (44-47) and that integrin c^fa is present 
on chicken osteoclast precursors (48, 49). Therefore both of 
these integrins are positioned to mediate interactions between 
OPN and cells in bone. Our finding that integrins cr v 0, and aJ3 s 
have high affinity for OPN indicates that interactions between 
OPN and these receptors may play an essential role in bone 
remodeling. Blocking the activity of oeJ3 3 with antibodies inhib- 
its bone resorption, but no analogous study has been done with 
antagonists of other a v -integrins. Our data suggest that similar 
experiments should be done with antagonists of p l and )3 S . 

Recent study also indicates that OPN is involved in vascular 
injury and repair (6, 31). One of the initial responses to vascu- 
lar injury is the formation of a neointima which precedes the 
formation of atherosclerotic lesions (50). Giachelli et al (51) 
recently showed that OPN expression is increased substan- 
tially In both rat and human smooth muscle cells surrounding 
a vessel that has been exposed to a catheter-induced injury. 
Because of the temporal regulation of OPN synthesis following 
this insult, the hypothesis was put forth that the OPN ex- 
pressed by smooth muscle cells may be an important modulator 
of cell migration and proliferation associated with neointima 
formation (7, 52). The same group showed that, integrin aj3 3 
mediates only a portion of smooth muscle cell or to OPN: a 
major component of this adhesion was not blocked by antago- 
nists specific for (7). The data presented in this report 
indicate that integrins a v 0 5 and <x$ x should be considered as 
candidate OPN receptors involved in guiding vascular repair. 

The kinetic data in this report provide information essential 
to an understanding of the biology of OPN. Many adhesive and 
signaling events are tied to cellular exposure to OPN. In large 
part, It had been assumed that these events are mediated by 
Integrin o^fc because it was the only known OPN receptor. In 
conjunction with our prior study (12), the data in this report 
show that ctyfc, ajSi, and aJ3 5 have similar affinities for OPN 
and that the Ion regulation of OPN binding to each Integrin is 
nearly Identical. Therefore, along with ag8 3 , o v p l and 0^5 
must now be considered receptors for OPN. 
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Abstract Osteopontin (OPN) is a secreted glycophosphoprotein which induces migration of mammary carci- 
noma cells, and has been implicated in the malignancy of breast carcinoma. Hepatocyte growth factor (HCF) induces 
cell migration of several mammary epithelial cell (MEQ lines, via activation of its cognate receptor (Met). This study 
examines the mechanism of OPN-induced MEC migration, in terms of the cell surface integrins involved and induction 
of the HCF/Met pathway. Three different MEC cell lines were used, representing different stages of tumor progression: 
21PT, non-tumorigenic; 21 NT, tumorigenic; non-metastatic; and MDA-MB-435, tumorigenic, highly metastatic. Hu- 
man recombinant OPN was found to induce the migration of all three lines. OPN-induced migration of 2 1 PT and 2 1 NT 
cells was av05 and 01 -integrin dependent, and av03 -independent, while that of MDA-MB-435 ceils was avp3- 
dependent. HCF also induced migration of all three cell lines, and a synergistic response was seen to HCF and OPN 
together. The increased migration response to OPN was found to be associated with an initial increase in Met kinase 
activity (within 30 min), followed by an increase in Met mRNA and protein expression. OPN-induced cell migration 
is thus mediated by different cell surface integrins in MEC lines representing different stages of progression, and involves 
activation of the HCF receptor, Met. J. Cell. Biochem. 78:465-475, 2000. © 2000 wiley-Uss, inc. 

Key words: osteopontin (OPN); cell migration; integrin; hepatocyte growth factor (HGF); Met; mammary epithelial 
cells; breast cancer 



Growth, migration, and differentiation of ep- 
ithelial cells are known to be dependent upon 
integrin-mediated adhesion to extracellular 
matrix components [reviews in Assoain, 1997; 
Bissell, 1999; Gumbiner, 1996]. Similarly, 
these same cellular processes are also known to 
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be influenced by a number of different growth 
factor pathways [reviews in Seedorf, 1995; 
Vande Woude et al., 1997; Heldin, 1998; Birch- 
meier, 1998]. Several recent studies have ad- 
dressed the possibility of interactions between 
integrin and growth factor mediated pathways, 
with evidence emerging for both growth factor 
control of cell adhesion events [van der Voort et 
al., 1997; Weimar et al., 1997; Trusolino et al., 
1998; Weimar et al., 1998], and conversely, for 
integrin-mediated cell adhesion phenomena in- 
fluencing sensitivity to certain growth factors 
[Miyamoto et al., 1996; Brooks et al., 1997]. 
However, the mechanism and biological rele- 
vance of these growth factor-integrin interac- 
tions are not yet clear. 

Our group has particular interest in the role 
of the secreted glycophosphoprotein OPN in 
the malignancy of breast cancer. We have 
found that OPN can induce cell migration and 
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invasiveness of cultured mammary epithelial 
cells (MECs) Kuan et el., 1994; Xuan et al., 
1995; Tuck et al., 1999], that it may be secreted 
in greater quantity by MECs of greater degree 
of malignancy [Tuck et al., 1999], and that 
higher levels (tumor cell or plasma levels re- 
spectively) are associated with poorer progno- 
sis in patients with either lymph node negative 
or metastatic breast cancer [Tuck et al., 1998; 
Singhal et al, 1997]. Evidence from us [Xuan 
et al., 1994, 1995; Tuck et al., 1999], and others 
[Senger et al., 1996], has indicated that OPN- 
induced cell movement is a directed, RGD- 
dependent response, although CD44-mediated 
phenomena may also be involved [Weber et al., 
1996; Bourguignon et al., 1998, 1999; Katagiri 
et al., 1999; Tuck et al., unpublished observa- 
tions]. Cell adhesion studies have shown for a 
variety of cell types that the major cell surface 
integrins involved in OPN binding include 
otv01, otvp3, and otv|35 [Hu et al., 1995; Liaw et 
al., 1995]. 

Given this information, along with the abun- 
dant evidence for the importance of HGF/Met 
in cell motility of MECs [Bhargava et al., 1992; 
Rosen et al., 1994; Rahimi et al, 1998], and in 
the malignancy of breast cancer [Yamashita et 
al., 1994; Tuck et al., 1996; Yao et al., 1996; Jin 
et al., 1997; Beviglia et al., 1997; Ghoussoub et 
al., 1998], we set out to examine the nature of 
OPN-induced cell migration, with respect to 
the involvement of cell surface integrins known 
to bind OPN, and possible interactions with the 
HGF/Met pathway. We have made use of three 
MEC lines, of differing malignancy: 21PT, non- 
tumorigenic; 2 INT, tumorigenic, non-metastatic 
[Band et al., 1990]; and MDA-MB-435: tumor- 
igenic, highly metastatic [Price et al., 1990]. 
We have assessed these cells for migratory re- 
sponsiveness to OPN, alone and in combination 
with HGF. Having found evidence for a syner- 
gistic relationship between OPN and HGF in 
inducing cell migration, we proceeded to char- 
acterize the cell surface integrins involved, us- 
ing blocking antibodies to av05, pi, or av03 
integrins. OPN-treated cells were then exam- 
ined in time course experiments for induction 
of Met kinase activity and tyrosine phosphory- 
lation, and for levels of HGF and Met mRNA 
and protein. Incubation with OPN was found to 
result in rapid activation of Met (all three cell 
lines), followed by an increase in Met RNA (all 
three cell lines) and protein (21PT and 21NT). 



This work thus provides evidence that MEC 
cell lines representative of different stages of 
progression make use of different cell surface 
integrins in the migration response to OPN, 
and that this OPN-induced cell migration may 
be mediated at least in part by activation of 
Met. 

METHODS 
Cell Lines and Culture 

The 21T series cell lines (21PT, 21NT) were 
obtained as a kind gift of Dr. Vimla Band 
(Dana Farber Cancer Institute) [Band et al., 
1990]. These cells were maintained in culture 
in ot-MEM supplemented with 10% FCS, 2 mM 
L-glutamine (all from GIBCO-BRL/Life Tech- 
nologies, Grand Island, NY), insulin (1 jig/ml), 
epidermal growth factor (EGF; 12.5 ng/ml), hy- 
drocortisone (2.8 |jlM), 10 mM HEPES, 1 mM 
sodium pyruvate, 0.1 mM nonessential amino 
acids, and 50 p-g/ml gentamycin (all from Sig- 
ma; oHE medium). MDA-MB-435 cells [Price 
et al., 1990] were obtained as a kind gift of Dr. 
Janet Price (MD Anderson Cancer Center, 
Houston, TX), and were grown in a-MEM with 
10% FCS (both from GIBCO-BRiyiife Technol- 
ogies). 

Cell Migration 

Cell migration assays were performed essen- 
tially as described previously (Xuan et al., 
1995], using 24-well transwell chambers with 
polycarbonate filters of 8 \im pore size (Costar, 
Cambridge, MA). Gelatin (Sigma) was applied 
at 6 (xg/filter and air dried. The gelatin was 
rehydrated with 100 jxl of serum-free aHE me- 
dium at room temperature for 90 min. Lower 
wells contained 800 yl of otHE plus 0.1% BSA, 
with or without OPN, HGF, and/or blocking 
antibodies (as specified in Figs. 1 and 2). Hu- 
man OPN (50 jig/ml) used was the full length 
human recombinant GST-OPN (hrOPN), as 
previously described [Xuan et al., 1994], Previ- 
ous control experiments have shown that the 
GST portion alone has no influence on migra- 
tion of these cells. Human HGF (20 ng/ml) was 
obtained from Collaborative Biomedical Prod- 
ucts (Becton-Dickinson, Bedford, MA). Block- 
ing anti-integrin antibodies included anti-avp3 
(Cedarlane, Hornby, ON), anti-av05 (GIBCO- 
BRL), and anti-pi (GIBCO-BRL), all used 
at saturating concentrations as determined 
by preliminary titration experiments. Cells 
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(5 X 10 4 } were added to each upper well in otHE 
medium with 0.1% BSA and incubated for 5 h 
at 37°C. At the end of the incubation time, the 
cells that had migrated to the undersurface of 
the filters were fixed in place with gluteralde- 
hyde and stained with hematoxylin. Cells that 
had not migrated and were attached to the 
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upper surface of the filters were removed from 
the filters with a cotton swab. The lower sur- 
faces of the filters were examined microscopi- 
cally under 100 X magnification and represen- 
tative areas were counted to determine the 
number of cells that had migrated through the 
filters. Control experiments were also per- 
formed in which blocking antibody in the lower 
chamber was replaced by non-immune mouse 
IgG (Cedarlane) at comparable concentration. 

All cell migration and invasion assays were 
performed in triplicate. Statistical differences 
between groups were assessed using Student's 
*-test, with SigmaStat (Jandel Scientific, San 
Rafael, CA) statistical software. 

Immunoprecipitation and Western Blotting for 
Met and Phosphotyrosine 

Cells in monolayer were grown to 85-90% 
confluence, serum starved overnight, and incu- 
bated in serum-free medium either with or 
without human OPN (50 ng/ml) or HGP 
(20 ng/ml) for the times specified. Cells were 
then rinsed with cold PBS, and lysed in lysis 
buffer containing 50 mM Tris-HCL (pH 7.5), 
150 mM NaCl, 1% NP-40, 1 mM Na 3 V0 4> 
50 mM NaF, 2 mM EGTA, 2 u-g/ml aprotinin, 
2 jig/ml leupeptin, and 1 mM PMSF. Lysates 
were centrifiiged for 10 min at 14,000 rpm in 
an IEC/Micromax centrifuge at 4°C. Protein 
concentration of supernatants was determined 
using a bicinchoninicacid protein assay (Pierce, 
Rockford, IL). Equal protein amounts of each 
lysate were immunoprecipitated with rabbit 
anti-human Met polyclonal antibody at 4°C for 
2 h. 

Immunoprecipitates were collected on pro- 
tein A-Sepharose (Amersham-Pharmacia Bio- 



Fig. 1 . a: OPN-induced migration of 2 1 PT (PT) and 2 1 NT (NT) 
cells is otvp5, not av03, integrin-dependent Migration assays 
were performed as described in Materials and Methods. Lower 
chamber conditions were as follows: 0.1% BSA only (0); 
50 u,g/ml hrOPN only (OP); SO u,gmi! hrOPN with 15 figtol 
non-specific mouse IgG (OP+nlg); 50 u.gmil hrOPN with 
30 jt^ml anti-av03 integrin blocking antibody (OP+aavp3); or 
50 ftg/'ml hrOPN with 15 p.g/ml anti-avps integrin blocking 
antibody (OP+aav05). b: OPN-induced migration of 21 PT (PT) 
and 21 NT (NT) cells is £1 integrin-dependent Lower chamber 
conditions were as follows: 0.1% BSA only (0); 50 u.g/m! 
hrOPN only (OP); 50 ng/ml hrOPN with 1 5 fig/ml non-specific 
mouse IgC (OP+nlg); or 50 u,g/ml hrOPN with 15 u,g/ml 
anti-01 integrin blocking antibody (OP+a£1). Bar graphs rep- 
resent the mean of four or five counts from each of three 
separate welts; error bars are SEM. 
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MIGRATION ASSAY AT 5HRS 




CELL TYPE AND TREATMENT GROUP 

Fig. 2. OPN-induced migration of MDA-MB-435 (MDA) ceils 
is o^3, not otv05 or pi integrin-dependent. Migration assays 
were performed as described in Materials and Methods. Lower 
chamber conditions were as follows: 0.1% BSA only (0); 
50 ngfonl hrOPN only (OP); SO ngrtml hrOPN with 25 jjig/ml 
non-specific mouse IgG (OP+nlg); 50 jigfml OPN with 
15 ^mi anti-pi integrin blocking antibody (OP+a01); 
50 fig/ml hrOPN with 25 p.g/ml anti-avfJ3 integrin blocking 
antibody (OP+aav03); or 50 jtg/ml hrOPN with 15 ngrtml 
anti-av$5 integrin blocking antibody (OP+aav5). Bar graphs 
represent the mean of four or five counts from each of three 
separate wells; error bars are SEM. 



tech y Baie dUrfe, Quebec, Canada), washed 
three times with lysis buffer, separated by 7% 
SDS-PAGE, and transferred to a nitrocellulose 
membrane. The membrane was blocked for 
15 min with 3% skim milk, or 1% BSA, in TOST 
(10 mM Tris-HCl, pH 8.0, 150 mM NaCl, 0.1% 
Tween 20), and probed for 1 h with either 
mouse anti-human Met (DL-21 clone, Upstate 
Biotechnology Inc., Lake Placid, NY) or an- 
tiphosphotyrosine antibody (PY20 clone, 
Transduction Labs, Lexington, KY). The mem- 
brane was washed three times for 5 min each 
with TBST buffer, incubated with horseradish 
peroxidase-labeled secondary anti-mouse anti- 
body (Amersham-Pharmacia Biotech) for 
15 min, and washed three times with TBST for 



10 min each. Immune complexes were detected 
using ECL (Mandel/NEN, Guelph, ON). 

In Vitro Met Kinase Assay 

Cell cultures incubated in the presence 
or absence of hrOPN (50 \ig/m\) or HGF 
(20 ng/ml) were rinsed with cold PBS, lysed, 
and immunoprecipitated as above. Immuno- 
precipitates were washed twice with cold lysis 
buffer and once with cold kinase buffer (20 mM 
PIPES, pH 7.0, 10 mM MnCl 2 , 10 p.M Na 3 V0 4 ). 
In vitro Met kinase activity was determined by 
incubating immunoprecipitates with 20 jjl! of 
kinase buffer containing 10 \id [y- 32 P] ATP at 
30°C for 10 min. The reaction was stopped by 
addition of 2x SDS sample buffer containing 
5% p-mercaptoethanol. Samples were boiled 
for 3 min and subjected to 7% SDS-PAGE. 
Serine and threonine phosphorylations were 
hydrolyzed by incubating the acrylamide gel in 
1 M KOH at 45°C for 30 min, followed by fixing 
in 45% MeOH and 10% acetic acid for 30 min at 
room temperature and drying for 2 h at 80°C 
under a vaccum. Autoradiograms were produced 
and quantitated using a Storm Phosphorimager 
(Molecular Dynamics, Sunnyvale, CA). 

Analysis of Met and HGF mRNA Levels 

Cell cultures (85-90% confluent) were incu- 
bated in serum-free medium for the specified 
times in the presence or absence of 50 jig/ml 
hrOPN. Cells were harvested by gentle 
trypsinization, pelleted, and mechanically ho- 
mogenized (Polytron PT 1200, Brinkman In- 
struments [Canada] Ltd., Mississauga, ON). 
RNA was extracted using TRIzol Reagent (Ca- 
nadian Life Technologies Inc., Burlington, 
ON), according to the protocol supplied by the 
manufacturer. RNA (10 jxg/lane) was run on a 
1.1% agarose gel with 6.8% formaldehyde, and 
capillary-transferred to GeneScreen Plus fil- 
ters (DuPont Canada Inc., Mississauga, ON). 
Blots were probed with denatured, oligolabeled 
[a 32 P]-dCTP cDNA probes (labeled using a kit 
provided by Pharmacia), according to the pro- 
cedures provided by the manufacturers, and as 
previously described [Tuck et al., 1990, 1991]. 
cDNA probes were as follows: hepatocyte 
growth factor (HGF) — 540 bp BamHI-XhoI 
fragment of human HGF cDNA [Nakamura et 
al., 1989]; Met/HGF receptor (HGFR)— 800 bp 
EcoRI-EcoRV fragment of the human met 
cDNA [Park et al., 1987]; 18S rRNA (18S)— 
frompl00D9. 
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CELL TYPE AND TREATMENT GROUP 

Fig. 3. Synergistic effect of OPN and HCF on migration of 
21 FT (FT), 21 NT (NT), and MDA-MB-435 (MDA) cells. Migra- 
tion assays were performed as described in Materials and Meth- 
ods. Contents of the lower chamber consisted of either: me- 
dium <aH, no EGF) without HGF or hrOPN (0); medium with 
50 ng/ml hrOPN (OP); medium with 10 ng/ml HCF (HGF); or 
medium with 50 p.gmil hrOPN and 10 ngmil HGF (OP+HGFj. 
Bar graphs represent the mean of four or five counts from each 
of three separate wells; error bars are SEM. 

RESULTS 

OPN-lnduced Migration of 21 PT and 21 NT Cells 
Involves Different Cell Surface Integrins Than 
for MDA-MB-435 Cells 

Cell migration of 21PT, 21NT, and MDA- 
MB-435 cells was found to occur in response to 
hrOPN at a level comparable to that deter- 
mined previously [Tuck et aL, 1999], Blocking 
experiments were performed using saturating 
concentrations of anti-integrin antibodies in 
the lower chamber of transwells, as described 
in Methods. For 21PT and 21NT cells, complete 
blocking of OPN-induced cell migration (to 
baseline levels) was obtained with the anti- 
ctvpS and pi integrin antibodies (Fig. la,b; 
P < 0.002 for all. Student's *-test). In contrast, 
non-immune mouse IgG did not block migra- 
tion of either cell line. Saturating concentra- 
tions (30 fig/ml) of anti-av|33 integrin antibody 
had no detectable affect on migration of either 
. 21PT or 21NT cells (Fig. la). 
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Fig. 4. HGF (a) and OPN (b)-induced increase in total cellular 
Met kinase activity of 21PT and 21NT cells. OPN (c)-induced 
increase in total Met protein of 21 PT and 21 NT cells. a,b: Cells 
were incubated ±20 ngmil HCF or 50 u,gmil hrOPN for the 
times indicated, and cells lysates were prepared. Equal protein 
amounts of each lysate were immunoprecipitated with anti-Met 
IgG, and in vitro Met kinase activity was determined as de- 
scribed in Materials and Methods. Quantitation was done using 
a Phosphorimager. Total Met kinase activity is expressed in 
cpm/sample. c: Met protein was quantitated by immunopre- 
cipitation with rabbit polyclonal anti-Met antibody, followed 
by 7% SDS-PAGE and Western blotting as described in Mate- 
rials and Methods. Total Met protein was quantitated by den- 
sitometry and is expressed in integrated density value units. 
Error bars represent an average standard deviation of 2.5%, as 
determined by repetitive measurements of individual bands 
(instrument error). Each graph is representative of at least two 
separate experiments. 
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In contrast to results with 21PT and 2 INT 
cells, anti-av05 and pi integrin antibodies 
showed no blocking effect on OPN-induced cell 
migration of MDA-MB-435 cells, when used at 
the same high concentrations shown to effect 
complete blocking of 21PT and 21NT respon- 
siveness (15 jj.g/ml of either anti-integrin anti- 
body; Fig. 2). On the other hand, OPN-induced 
migration of MDA-MB-435 cells was com- 
pletely blocked by anti-avp3 integrin antibody, 
at a concentration (25 |xg/ml) lower than that 
which still had no effect on migration of 21PT 
or 21NT (30 jjig/ml; cf. Fig. 1; P = 0.0008, Stu- 
dent's i-test). 

The OPN-induced migration of the meta- 
static cell line of this series — MDA-MB-435, 
thus was found to be avp3 integrin-dependent, 
whereas that of non-metastatic 2 INT and 
21FT cells was ctvp5 and pi-dependent, ctvp3- 
independent. 

HGF-lnduced Cell Migration and Synergistic 
Effect With OPN 

As was found for response to OPN, all three 
cell lines (21PT, 21NT, MDA-MB-435) showed 
increased cell migration in response to human 
recombinant HGF alone (Fig. 3). Combining 
both HGF and osteopontin in the lower cham- 
ber resulted in a degree of cell migration for all 
three cell lines that was significantly greater 
than the sum of the isolated HGF and OPN 
responses (i.e., synergistic; Fig. 3; P < 0.02 for 
all, Student's f-test). 

Induction of Met (HGFR) Activity by HGF 
and OPN 

Treatment of 21PT and 21NT cells with ei- 
ther HGF or OPN (Fig. 4a,b) resulted in rapid 
activation of total Met kinase activity in both 
instances (after 20 min of HGF stimulation, 
30 min of OPN stimulation). For both 21PT and 
21NT cells, the increase in total Met kinase 
activity with OPN treatment (at 30 min) was 
followed by an increase in Met protein level at 
5 h of incubation with OPN (Fig. 4c). 

Treatment of MDA-MB-435 cells with HGF 
or OPN (Fig. 5a) resulted in an increase in 
specific Met kinase activity after 20 (for HGF) 
to 30 (for OPN) min of incubation, which was 
associated with an increased tyrosine phos- 
phorylation of Met as well (Fig. 5b). In contrast 
with 21PT and 21NT cells, we have not been 
able to detect an OPN-induced increase in total 
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Fig. 5. Induction of specific Met kinase activity (a) and Met 
tyrosine phosphorlyation (b) of MDA-MB-435 cells by HCF and 
OPN. MDA-MB-435 cells were incubated ±50 u.gftnl hrOPN 
or 20 ng/ml HGF for the times indicated. Cell lysates were 
prepared, and equal protein amounts of each lysate were im- 
munoprecipitated with anti-Met IgG. As levels of total Met 
protein were higher and fluctuated more in MDA-MB-435 cells 
than in 21 PT and 21 NT, activation of Met protein in MDA-MB- 
435 was more appropriately expressed as Relative Met kinase 
activity (a) and tyrosine phosphorylation (b). a: In vitro Met 
kinase activity was assayed as described in Materials and Meth- 
ods. Relative Met kinase activity, normalized to total Met pro- 
tein, was quantitated using a Phosphor imager, b: Immunopre- 
cipitates were subjected to 7% SDS-PAGE and transferred to 
nitrocellulose. The membrane was blocked with 1% BSA in 
T8ST, and probed with anti-phosphotyrosine antibody. Detec- 
tion was performed with HRP-labeled anti-mouse antibody and 
ECL. Relative Met tyrosine-phosphorylation normalized to total 
Met protein was quantitated by densitometry. Error bars repre- 
sent an average standard deviation of 5.0%, as determined by 
repetitive measurements of individual bands (instrument error). 
Each graph is representative of at least two separate 
experiments. 
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Fig. 6. Time course showing effect of OPN on expression of HGF and Met mRNA by 2 1 PT (PT), 2 1 NT (NT), and 
MDA-MB-435 (MDA) ceils. Near-confluent (85-90%) celi cultures were incubated in serum-free medium with 
50 u-gfonl OPN for 0, 5, 1 8, or 24 h. Total RNA (1 0 Mg/lane) was analysed by Northern blotting for expression of HGF 
(6.0 kb) or Met (HGFR; 8.0 kb [full-length transcript, upper band], 7.0 kb [lower band)). RNA loading and integrity 
were verified by assessment of 18S rRNA (2.1 kb). Level of HGF and Met (both 8kb and 7kb transcripts) are shown 
in relation to 18S rRNA, expressed as the ratio of densitometry values for the respective bands (HGR18S, Met:18S). 



Met protein levels iri MDA-MB-435 cells, al- 
though basal level of Met protein expression in 
MDA-MB-435 is higher than in 21PT or 2 INT 
(data not shown). 

Time Course Showing Effect of OPN on 
Expression of HGF and Met mRNA 

21PT, 21NT, and MDA-MB-435 cells treated 
with OPN (50 p-g/ml) for 0-24 h (Fig. 6), all 
showed low basal levels of HGF mRNA. Only 
slight increase in HGF mRNA was detected for 
21PT and 21NT, with no appreciable increase 
for MDA-MB-435 cells (by 18-24 h). In con- 
trast, levels of Met RNA were found to signifi- 
cantly increase in all three cell lines between 5 
and 18 h of OPN exposure, falling off by 24 h. 
Thus, although little change in HGF mRNA 
was seen after up to 24 h of OPN exposure, 
significant induction of Met mRNA was seen 
for all three cell lines. 

DISCUSSION 

OPN has been implicated in the maligancy of 
breast cancer in a number of recent studies 
[e.g., Oates et al., 1996; Singhal et al., 1997; 
Sung et al., 1998; Tuck et al., 1998, 1999]. It 
has been shown to be involved in cell adhesion 
of MECs, and can also induce cell migration in 
an RGD-dependent fashion (Xuan et al., 1994, 
1995; Senger et al., 1996]. The HGF/Met path- 



way has also been associated with breast can- 
cer malignancy [Yamashita et al., 1994; Tuck 
et al., 1996; Yao et al., 1996; Jin et al., 1997; 
Beviglia et al., 1997; Ghoussoub et al., 1998], 
and is a potent inducer of MEC motility [Bhar- 
gava et al., 1992; Rosen et al., 1994; Rahimi et 
al., 1998]. Here we examine the nature of the 
integrin response to OPN, in order to establish 
the specific cell surface integrins involved. We 
also show that OPN-induced cell migration in- 
volves activation of the HGF receptor in a syn- 
gergistic fashion with HGF, consistent with 
cross-talk between integrin and growth factor 
mediated pathways. 

Our discovery that, in a series of breast epi- 
thelial cells of differing degrees of malignancy, 
different cell surface integrins may couple with 
Met in inducing cell migration is a novel find- 
ing. The metastatic member of the series stud- 
ied, MDA-MB-435 cells, showed the most 
marked synergy between OPN and HGF in the 
migration response, and migrated in an avf33, 
not avp5 or pi-dependent fashion. In contrast, 
the non-metastatic cell lines, 21PT and 2 INT, 
migrated in an avp5 and pi dependent, avp3- 
independent fashion. In support of this finding 
is the work of Wong et al. [1998], who reported 
that MDA-MB-435 cells express avp3 integrin, 
while less maligant MDA-MB-231 and MCF-7 
cells do not (although they all express avp5 and 
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pi). Similarly, van der Pluijm et al. [1997] re- 
ported higher expression of av|33 in more ma- 
lignant members of a series of breast carci- 
noma cell lines. A specific association between 
avp3 expression and breast cancer metastasis 
has also been reported by Liapis et al. [1996], 
who detected av£3 integrin expression in 100% 
of breast carcinomas that had metastasized to 
bone. 

This difference in integrin utilization of 
cells at different stages of progression could 
affect malignancy in a number of different 
ways. For example, otvp3 may be necessary 
for specific adhesion events vital to invasion 
and metastasis; a breast cancer cell initially 
expressing ctvpi or av^S may require activa- 
tion of P3 in order to complete that step of the 
metastatic cascade. Evidence in favor of this 
scenario (at least in the case of melanoma) 
comes from the work of Nip et al. [1992], who 
showed that binding of metastatic cells to 
lymph node matrix depends on av|33 interac- 
tions. Alternatively, different integrins may 
be coupled to different signal transduction 
pathways, with avp3 specifically required for 
activation of a particular set of genes impor- 
tant in aspects of invasion and metastasis. 
Ligation of av(33 for example, has been shown 
to induce MMP-2 expression and invasion of 
melanoma cells [Seftor et al., 1992; Bafetti et 
al., 1998]. Whether or not different integrins 
couple to She can influence activation of tran- 
scription from the Fos serum response ele- 
ment (SRE), affecting responsiveness to 
growth factors [Wary et al., 1996]. In the case 
of coupling with the HGF/Met pathway, our 
work suggests that OPN-induced cell migra- 
tion via either non-av£3 integrins (21PT, 
21NT) or avp3 integrin (MDA-MB-435) is as- 
sociated with Met activation, but that the 
synergistic effect on cell migration is much 
more pronounced in the cells (MDA-MB-435) 
expressing av|33. 

We also found that OPN-induced migration 
of all three cell lines involves activation of 
the HGF receptor, Met, with an initial in- 
crease in Met activity followed by an increase 
in Met RNA expression. The kinetics of this 
effect differ slightly for MDA-MB-435 vs. the 
21T series cells. For 21PT and 21NT, a de- 
tectable increase in Met protein was also 
found. Although a similar increase in Met 
protein levels of MDA-MB-435 cells did not 
occur, the basal level of Met protein in these 



cells is quite high, and as specific activity of 
Met is substantially increased with OPN in- 
duction, it is possible that Met turnover is 
such that protein levels do not further accu- 
mulate as they do for the 2 IT series cells. 
Regardless, Met is activated by OPN in all 
three cell lines, and this is associated with 
increased cell migration. In contrast, HGF 
mRNA levels were low in all three cell lines, 
and showed little or no change with OPN 
treatment. Furthermore, we have not de- 
tected increased HGF activity in conditioned 
media of OPN-treated 21T series or MDA- 
MB-435 cells (data not shown). Activation of 
Met by OPN is thus likely due to either an 
increased sensitivity to trace amounts of ligand 
present, or to ligand-independent activation. 
Ligand-independent activation of Met by cellular 
adhesion has been previously reported for mela- 
noma cells, although the cell surface adhesion 
receptors involved were not examined [Wang et 
al., 1996]. Furthermore, integrin binding has 
been shown to be essential for growth factor 
(EGF, PDGF, bFGF, IGF-1) induced signal 
transduction and cell migration [Miyamoto et al., 
1996; Brooks et al., 1997]. Reciprocally, HGF can 
activate cell surface integrins and hence cellular 
adhesion (and motility) [van der Voort et al., 
1997; Weimar et al., 1997, 1998; Trusolino et al., 
1998]. Thus, a two-way interaction between in- 
tegrin and growth factor- mediated pathways 
likely occurs in the induction of cellular re- 
sponses such as cell migration. 

Multiple points of interaction between signal 
transduction pathways activated by integrins 
vs. growth factors have been identified [re- 
viewed in Sastry and Horowitz, 1996; Gian- 
cotti, 1997; Swairtz, 1997]. Cell attachment can 
enhance autophosphorylation of growth factor 
receptors (EGFR, PDGFR, and now Met) in 
response to their cognate ligands. Integrin 
binding also has been found to activate phos- 
pholipase C (and hence protein kinase C), Raf, 
and/or MEK in the MAP kinase pathway, and 
PI-3 kinase in the PI-3KZRac pathway. All of 
these pathways are also influenced by growth 
factors, although the synergistic relationship 
reported here would suggest that growth factor 
receptors and integrins may act at different 
points in the pathway. For example, it has been 
shown that fibronectin binding to cell surface 
integrin activates synthesis and supply of 
phosphatidylinositol 4,5 biphosphate, whereas 
PDGF receptor controls the activity of phopho- 
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lipase C [McNamee et al., 1992]. The physical 
association of integrins and growth factor re- 
ceptors at the focal adhesion complex (FAC) 
[Plopper et al., 1995] provides a mechanism by 
which such cross-talk would be facilitated. Fi- 
nally, interactions between growth factor and 
integrin pathways could occur at the level of 
differential effects on members of the FAC it- 
self [Schlaepfer and Hunter, 1998]. 

In the case of signal transduction initiated 
by OPN, ligation of ctv03 by OPN activates PI-3 
kinase in osteoclasts [Hruska et al., 1995]. In 
an osteoblastic cell line (UMR 106-6), OPN 
triggers the autophosphorylation of focal adhe- 
sion kinase (FAK) [Liu et al., 1997]. In ras- 
transformed fibroblasts, OPN can induce ty- 
rosine phosphorylation of a number of different 
FAC associated proteins [Lopez et al., 1995]. 
HGF activation of its receptor, Met, can also 
stimulate phosphorylation of FAK in some 
cells, perhaps via pp60 src [Chen et al., 1998]. 
We have shown in this report that OPN is also 
capable of activating Met. Thus, although our 
understanding of the signal transduction path- 
ways induced by OPN is yet in early stages, 
multiple points of potential interaction be- 
tween the integrin and growth factor receptor 
pathways involved are already beginning to 
emerge. 

The interactions between different integrin 
pathways induced by OPN and the HGF/Met 
growth factor pathway not only helps conceptu- 
ally in understanding the clinical associations we 
have observed between OPN, HGF and malig- 
nancy, but also provides clues to regulatory pro- 
cesses vital to tumor aggressiveness — prime tar- 
gets for treatment strategies based on blocking 
these processes. 
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Spatial distribution of CD44 and hyaluronan in the proximal 
tibia of the growing rat. 

Noonan KJ, Stevens JW, Tammi R, Tammi M, Hernandez JA, Midura 
RJ. 

Department of Orthopaedic Surgery, University of Iowa, College of 
Medicine, Iowa City 52242, USA. 

CD44 has been described as a cell surface hyaluronan receptor present on a 
variety of different cells, and it is generally assumed to be prevalent in most 
connective tissues that contain hyaluronan. A major aim of this study was to 
test that presumption by localizing CD44 and hyaluronan within several 
tissues of the proximal tibia of the growing rat. Comparison of these profiles 
would reveal whether CD44 and hyaluronan co-localize with high fidelity, a$ 
would be expected if CD44 were a major hyaluronan binding protein. Using 
in situ hybridization and immunohistochemistry, CD44 was identified on 
osteoclasts, chondroclasts, osteocytes, hematopoietic marrow cells, synovial 
cells, and connective tissue fibroblasts (ligaments, tendons, and fascia). 
Although the majority of osteocytes expressed CD44, reduced expression wa 
observed for osteoblasts and ostcoprogenitor cells. Additionally. CD44 was 
not detected on chondrocytes from epiphyseal and metaphyseal growth 
cartilages or in meniscal fibrocartilage. Using biotinylated Gl domain from 
aggrecan and link protein, hyaluronan was observed inthe maturational and 
hypertrophic zones of all growth cartilages, the synovium and other 
fibroblastic connective tissues, regional areas of the periosteum and 
endosteum (around osteoblasts, osteoprogenitor cells, and osteoclasts), 
osteocyte lacunae, and surrounding blood vessels. In regions of co- 
localization for CD44 and hyaluronan, it seems that CD44 is a likely 
hyaluronan binding protein in several tissues of the proximal tibia. However, 
it does not appear to be the predominant hyaluronan binding protein in 
growing cartilages of the weanling rat. 

PMID : 8764866 [PubMed - indexed for MEDLINE] 
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up a 



n Ifracto- + -graph] X a frac- 



^IbU <a ~ « hiI< j) <» ke a mother hen rounding „ 
~ : ' Dtf «J of willful chicks — HJ.Higdon) syn see irritable 

v5f° tioUS'iy ^ 1 * n a fractious manner 
J£ ^J'RoUS*neS3 n -ES : tne q ua » tv or state of bei °8 fractious 
?- 1^ fiuTcom^yo^ [L/racmO I broken up and C/racfocumulus) 
« *flSfcure Olograph) 

- t0 !^S!lSft P pMc^- P '':grank\ ad] X of. used in, or relating to 

' - iracto.graph.l.cal.ly \-f4k(a)le\ adv 
J^BEtfW \frak'tHgr ? f5\ n -es C/wcro- + -grainy] 

• Si microscopic study of fractured surfaces of metals at 
t ' iiS magnificauon 
" .2!Kr uitf cap, var ©7 fraktur 

•Hi? tor \frtik*tu(a)r, -ua\ or Iractur painting also fraktur 
" \*\ ar fraktur painting n -s JPaG fraktur, fr, G fraktur 
//nrmcrly spelled fractur), a Gothic script — more at praktur] 

• illuminated writing featuring decorative motifs (as tulips, 
' hirds. and scrolls) and used by Pennsylvania Germans on 

documents (as wedding, birth, and baptismal certificates) 

framed and hung 
#S£ttSaMe Vfrakchsrabal. -ksh-\ adj : capable of being 
*■ fSTctured : breakable 

fStb.tor-al Vkcharsl, -ksh(a)ral\ ad} X of, relating to. being. 

tMfi^tUi^ f V C frakcha(r), -ksh-\ a -s [ME, fr. L jractura. 
tri rectus (past part, of J range re to break) + -ura -ure — more 
it break] 1 a : the act or process of breaking or the state 
of being broken : rupture by a break through the entire 
thickness of a material : breach; specif X the breaking of 
hard tissue (as a bone, tooth, or cartilage) b : the rupture 
ut by tearing) of soft tissue (kidney ~> 2 : the product or 
Jesuit of fracturing t break, crack, cleft 3 : the texture 
or general appearance of the freshly broken surface of a 
mineral <a rock with a conchoids! ~> 4 : br ea kino 1 
afracnue \"\ vb fractured; fractured; fracturing Vkchsria, 
-ksh(a)r-\ fractures W 1 a : to cause a fracture in : break 
/~ a rib) (the bump in the road Jractured a spring on the 
car) b : rupture, tear, lacerate <a blow that jractured a 
kidney) 2 a : to damage or destroy as if by rupturing, or 
tearing apart <~ the newfound unity of the two parties) 

Siiay seriously ~ himself as he tries to patch up the rifts in 
e . . . party —Sidney Hyman) ' b : to break into pieces 

• cause great disorder in <a scream that jractured the peace 
of the night) (conspiracy to ~ their sensibilities — Time} 

0 : to break up : fractionate (by fracturing and dispersing 
senatorial power —W.V.Shannon) (most world movements 
ind agencies . . . have been jractured or assimilated by 
national interests In one way or another — Liston Pope) (I : to 
show disregard for (as a law or rule) : violate (declared the 

' principle of the separation of church and state fractured by 
the agreement) (he jractured many of the laws of probability 
—Sheldon Cheney) — vi i to undergo fracture : break esp. 
through a total thickness (under the blow the thighbone 
jractured} ... 

fracture cleavage it : geologic cleavage independent of the 
orientation of mineral grains but due to the presence of 
many closely spaced fractures or incipient fractures 

fracture plane n : a point in an arthropod appendage that is 
modified for the ready occurrence of autotomy (as by the 
presence of special muscles and mechanisms to prevent toss 
of body fluid) 

frad*l*cin \'fradasan\ n -s [NL j radio (specific epithet of 
Streptomyces frqdlae) + E -cin (as in actinomycin)] : a 
crystalline antibiotic active against fungi that is produced 
by an actinoraycete {Streptomyces jradlae) — compare neo- 
mycin 

frae \'fra\ prep [ME (northern dial.) fra, frae, fro, fr. ON 
/riff — more at from] Scof : from 
fraenulum var oj frenulum 
fraenum var oj frenum 

frag \'frag\ n -s [by shortening] : fragmentation bomb 
frag abbr 1 fragile 2 fragment; fragmentation 
fra*gar-ia \fr3'ga(B)rea\ n, cap [NL, fr. LJragum strawberry 
+ N L -aria} : a small genus of low perennial herbs (family 
Rosaceae) that comprise the strawberries, have trifoliate 
leaves, cymose white flowers, and long slender runners, and 
are represented in cultivation mainly by horticultural forms 
derived from several wild species (as F. vesca, F. vlrgintana. 
F. chiloensis, F. moschata) and including many hybrids of 
these — sea Chilean strawberry, strawberry, wood 

STRAWBERRY 

fra-ge Vfriiga, 'frag\ n -s [G, lit question, fr. OHG jrSga 

- more at pray] : the lowest bid in a card game (as frog 
or skat) 

^'■^•to VrajaMa(a)reo\ «, cap [NL, fr. L jragtlis frail 

1 t 1 1 a senus (the type of the family Fragflariaceae 
of the order Pennales) of rectangular diatoms forming irregu- 
lar colonies 

frag.ile Vfrajil, US also <ft Brit usu -ajll\ adj [MF. fr. L 
Jragilis — more at frail] 1 a : easily broken or destroyed 
• frail (the ~ stem of the tall flower) (a person of moral 
convictions) b : delicate of constitution or of health : barely 
able or unable to endure without harm the normal day-to* 
?.fy Physical demands of existence : unusually susceptible to 
in health or physical harm (a ~ and tottering old man) (too 
r* to stand the Vermont winter —Sinclair Lewis) o : giving 
tne impression of or having qualities suggesting someone 
that is fragile of body or health (a ~ soprano) (a ~ gesture) 
V? hands) 2 a : weak, tenuous, unsubstantul (a ~ 
connection with great men) (the ground of his faith . . . 

»emed to me so H.J.Laski) 6 : thin and transparent 

\a ^ jkm) : extremely light and evanescent (a ~ tone) 
. diaphanous (a ~ taffeta) o : extremely subtle or fine 

- calling for an extremely fine perception (a ~ wine) (the 
tantalizing, ~ taste of fresh blue crab— Hugh Cave) d .short* 
lived, evanescent (a ~ moment) syn see weak 

«agUe fern n : a delicate fern (CystopterU jragilis) widely 
distributed in Europe, Asia, and No. America with- 2 or 3 
"wn pinnaufid fronds, creeping rootstocks, and slender 
.ontt e stems — called also brittle jern 




J* 1 : i° e quality or state of being fragile , „ 

public order— G.W Johnson) (most men^s touching illusion as 
to the frailness of women and their spiritual ~ —Joseph 
J-onrad) (wonied because of the ~ of the vase) 3 : some- 
StewarO** 18 <roorns • * * heavy with J ra B illtie * — Natacha 
test n : a test of the relative fragility of red blood cells 
made by exposing them to hypotonic solutions and determin- 
ing the point at which they rupture 

ira.gU.o.cyte \fn'iib*Tt\ n -s t L jragilis + E -o- + -cyte ] : an 
exceptionally fragile red blood cell (as in congenital hemolytic 




the blood 

JggJ^SJflniYf ragman t\ n -s [ME, fr. Ljragmentum, fr. frag- 
^em of Jrangtrc to break) + -mcntum -ment — more at 
Sr 1 1 : a - part brolten off : a small detached portion : an 
imperfect or incomplete part (pieces of pottery and ~~s that 
can be reconstructed —Amer, Guide Series: A/-/.) (enchanting 
of Irish life —John McNulty) (only ~* remain of the 
covered.wagon ballads — Amer. Guide Series: Oregon) 

A I Snm^thtnn that ■* •mall ..... : : . i t 



remaining nopes oi control ot weapons have been — ed by the 
new bomb — M.W.StraighO 
frag>men*tal \Ofrag;meni»l\ aay : fragmentary : consisting 
of fragmentary or detntal material (as conglomerate, sand- 
stone, shale, or tuff) — compare clastic 2 — zrag*men*tal*ly 
\-M5\ adv 

frag*nien*tai.i2e \frag'ment«l,Iz\ vf -eoAinoAs : fragment- 
ize (his rapid oscillations of style and plot ... ~ the American 
myth and destroy the cohesiveness of the allegory —Harvey 
Swados) 

frag.men.tar.l.ly \;fragman.;ter3l2, -U\ adv I in a fragmentary 
manner (the dim light penetrated only ~ into the drifting mist) 
frag-men.tar.Uness \-r2nis, -rin-\ n -es : the quality or state 
of being fragmentary (the ^ of our approach and the un 
systematic nature of our categories —Anna G. Hatcher) (ex- 
asperated by the ~~ of the facts at my disposal —W.S.Maugham) 
irag*men*ta*rism \'f ragman t3,riz3m\ n -s {fragmentary + 

-ism] ; FRAGMENTARtNESS 

frag*men*tary \'f ragman. ,ter«. -ri\ adj 1 : consisting of or 
composed of fragments (large leg bones, and other ~ remains 
of an elephant — Amer. Guide Series: Nev.y (the sampling of 
most authors is necessarily ~ —Uriel Weinreich) (historical 
links between certain of the more ~ letters —Robert Law- 
rence) : consisting of disconnected and incomplete parts (had 
only a ~ education) : incomplete, partial (gave only a ~ 
account of the incident) (~ and inconclusive knowledge 
—Current Blog.) (this viewpoint may prove to be optimistic, 
!? ut rX^ dcnce 50 far nas not suRfiested that it is —J.A.Morris 
b. 1904) : disorganized (our approach to the problem 
is still ~ —N.Y. Times) (we need wholeness, but he is ^ 
—E.R.Bentley) 2 : dealing in or being only a fragment of a 
whole (every ~ science of man, such as economics —Edward 

Sapir) 3 : FRAGMENT AL 

frag*men*tate \-.tat\ v6 -ed/-ino/-s [back-formation fr. 
fragmentation] I to break into pieces esp. explosively : frac- 
tionate, fragmentize (they were sure tne master rods on the 
engines were all fragmentattng —David Beaty) (permits the 
V artl ? t to ^ a single small idea into a limitless string of 
daily episodes —C.W.Morton) 
frag. men. taction \,*«'tash3n\ n -s [F, fr. jragmenter to 
divide into fragments (fr. jragmenU n., fr. L jragmentum) + 
•ation] 1 : the act or process of fragmentating or fractionating 
or the state of being fragmentated or fractionated (the con- 
stant ~ of landholdings — J.H.Steward) (cried for the ~ of 
India — Time) (the growing «- of the corporation into a multi- 
tude of divisions and departments — W.H.Whyte) : the act or 
process of making fragmentary or the state of becoming or 
being fragmentary (the contemporary pursuit of brevity, with 
its inevitable consequence of ~, in all fields of communication 
is alarming — F.L.Mott) (the ~ of the past was to be overcome 
by integration — Amer. Anthropologist); esp x a shattering into 
numerous and widely scattered fragments fas of a fragmenta- 
tion bomb) 2 I the fragments from the fragmentation of a 
shell, grenade, or bomb (the explosion rained ~ all about 
them) 3 : disorganization of mind or behavior : a breakdown 
of the usual pattern of thought or action 
fragmentation bomb or fragmentation shell n : a bomb or 
shell whose relatively thick casing is splintered upon explosion 
and thrown in fragments in all directions at high speed and 
temperature 

frag>ment-lst VfragmantastX n -s fO, fr. fragment (fr. L 
jragmentum) + -1st] X a writer of a literary fragment 
frag.ment-iza.tion \ f fragmantd'zash3n\ n -s : the act or 
process of fragmentizing or the state of being fragmentized 
(up in arms against a ~ of their native land — Sidney Wallach) 
frag.ment-ize Vfragman*,tlz\ vb -ed/-ing/-s vt x to break up 
or apart or into pieces, sections, or fragments : fraction, 
fractionate lb (the barriers of race, color, nationality, 
economic strife, religious belief, and political ideology which 
~ our world —Christian Science Monitor) — vf : to fall apart 
: break up or separate into pieces, parts, or fragments (watched 
the bridge ~ before his eyes) 
fra-grance Yrragr3n(t)s\ n -s [F or L; F, fr. L fragrantly fr. 
fragrant-, fragrans + -/a -y] \ X the quality or state of having a 
sweet or pleasing odor : sweetness or pleasantness of smell 
(the <y of flowers) (the ~ of balsam) 2 a : a sweet smell or 
pleasing odor esp. delicate or evanescent (a ~ not unpleasant 
to the nostrils) b : the odor of perfume, cologne, or toilet 
water (as close as ~ clings to a woman's robe —John Gals- 
worthy) 3 a : a quality resembling a perfume (as in pleasant- 
ness, delicacy, or evanescence or in seeming to be an emana- 
tion) (a relationship that gave something of ~ to an occupa- 
tion much in need of it— L.C.Douglas) (she inhaled the sharp 
~ of those days —Maurice Hewlett) (to handle a first edition 
of Montaigne . . . was not without its poetic *~ — HJ.Laski) 
b : something having such a quality (literature represents the 
~ of culture —W.P.Webb) 
syn fragrance, perfume, scent, incense, redolence, and 
bouquet agree in signifying a sweet or pleasant odor, fra- 
grance usu. suggests the odor of flowers or a like pleasing and 
usu. delicate emanation (the soft wind from across the bayou 
brought in the garden fragrance —Stark Young) (their subtle 
fragrance of sandalwood, aloes, musk, cassia, and sweet 
calamus — Elinor Wylie) (none can resist the fragrance of 
pines, firs, and spruces in the forest — A.C.Morrison) perfume 
differs little from fragrance except in possibly suggesting a 
less delicate odor and commonly implying the odor or a liquid 
specially manufactured to emit it (the perfume of lilies had 
overcome the scent of books —John Galsworthy) (the strong 
perfume of orange blossoms) (her perfume was heavy and 
cloying) scent in being often interchangeable with odor is 
more neutral in its connotations than fragrance or perfume, 
but in being also often interchangeable with perfume, esp. in 
British use, can apply to the fragrance as of flowers or any 
delicately perceived, usu. pleasant, odor (the still nights in the 
small harbors, with a scent of seaweed abroad —William Black) 
(the scent of the apples —Robert Frost) (a delicate scent of 
apricots lingered in the flask at his side —Elinor Wylie) in- 
cense applies to the agreeably odorous smoke of burning 
spices or aromatic gums or to any similar penetrating odor, 
often, because of the association of incense with religious rites, 
suggesting a spiritually uplifting effect {Incense- breathing 
morn — Thomas Gray) (the Incense of mown fields) red- 
olence now usu. suggests a mixture of fragrant, often 
pungent odors (the redolence of the forest) (the kitchen 
redolence of Christmas cooking and baking) bouquet in this 
comparison commonly applies to the distinctive and esp. 
delicate and agreeable odor of a good wine or liquor but can 
extend to any odor, as of a food, suggesting this (some of the 
vocabulary of the wi net aster has crept m, like the word 
bouquet, which means smell or scent, and yet is more descrip- 
tive of what the nose gets from a wine than either smell or 
scent — Mary Mabon) (duck that has been hung a long time, so 
you can smell the bouquet —Time) (the grateful smell of cook- 
ing pork grew every moment more perfect in bouquet — Ethel 
Anderson) 

lra.gran.cy \-ns5, -si\ n -es [L fragrantta] archaic X fra- 
grance 

fra* grant \-nt\ any [ME fragramu fr. L fragrant-, fragrans, 
pres. part, otjragrare to give off an odor, be fragrant: akin to 
MHG brvehen to smell] : having a fragrance : marked by 
fragrance (an air ~ with sweetest flowers —H.O.Taylor) 
£ fresh and as meadow hay —Herman Melville) (my sojourn 
in the garden of Africa has left so many ~» memories — R.S.O. 
Baker) (people talk of matters which . . . communicate a rich 
color, a ~ sen it ment to them — A.C.Benson) — tra*grant*ly 
adv — fra* grant* ness n -es 

fragrant balm n : 1 : oswego tea 2 : bee balm 2b 

fragrant bettStraW n : a bedstraw (Galium triflorum) that has 
small white flowers and is fragrant when drying 

fragrant goldenrod n : blue mountain tea 



n tfraidy (fr. fraid + -y) or f raid + cat] : one that is timid of 
easily frightened — used chiefly among children or of children 
if raiH \'frak\ n -s [alter, of i freak] £ Scot : 'freak 2 Scot 

: FLATTERY 

2fraik \"\ v/. Scot : to make flattering remarks : cajole 
* frail Vfral, esp before pause or consonant -5al\ n •% [ME 
frayel, freyeU fr. MF fraleU jreet, jraet, perh. fr. fraiel, heel 
frael piece of a vine with grapes attached, alter, of jtalel, tlae) 
flail, whip, piece of a vine with grapes attached — more at 
flail J 1 : a basket typically made of rushes and used for 
shipping (as of ftgs or raisins) 2 : the quantity (as 32, 56, or 
75 pounds) of raisins contained in a frail 
*Si V A °v j 'f R ^ T tMBjrele,/reelJrall t fr. MF jrallejrele, 
t r. L jragtlis, fr. Jrag- (stem of frangere to break) + -ills -ile 
— more at break] 1 a : easily led into evil : morally weak (a 
fiery sermon delivered to all of ~ humanity) b : easily led 
from one's chosen course : lacking in general strength of 
character or purpose (~- enough to give in if subjected to any 
pressure) 2 a : easily broken : not firm or durable (a bridge 
wiih — construction) (a small and ^ ship) b : easily de- 
stroyed : likely to fail or die quickly (a ^ flower) (a ~ and 
very old woman) o : unusually susceptible to disease or other 
infirmity (a man of ~ constitution) 3 a (1) : lacking even 
normal strength or force (their voices were weak and ~ 
— Humayun Kabir) (2) : weak and small (his steady, work- 
man's hands looking enormous around the ^ tube of tobacco 
—Irwin Shaw) b ( 1) : lacking significant substance (a charm- 
ing, ~. breathless book — New Yorker) (smiled a minute ~~ 
smite —Raymond Chandler) (his lyrics are ~ and derivative 
— F.B.Millett) (2) : tenuous and thin (only ~ hope of finding 
more survivors existed —N.Y. Times) (how ~ the barrier 
between civilization and the primal jungle — Oscar Handlin) 
(the love of truth is pitifully ~ —M.R.Cohen) syn see weak 
*frail \ M \ dial var of flail 

fral.le.j6n \,frUela , hon\ n, pi fralleJo*nes \-o\n3s\ [Amer- 
Sp, aug. of Sp jraile friar, fr. OSp jraire, fr. OProv, brother, 
friar, fr. L jratr~, jrater brother — more at brother] 1 : any 
of several xerophytic plants of the genus Espeletla (family 
Compositae) of the higher Andes (esp. E. grand! flora) 
2 X the tomentum of the stem and leaves of frailejbn resembling 
wool 

frail.ly VfrHme. -i\ aaV [ME jretty, fr. jrete frail + -ly] : in a 
frail manner (paint scenes of Venice drained of its water, with 
the buildings ~ poised on the oaken pilings that are their 
principal foundations — R.M.Coates) 
frail*ness n -es (ME frelenesse, jreelncsse, jrailnesse, fr. jrete t 
jreel, frail + -nesse -ness] : the quality or state of being frail 
(the ~ of the child from birth made her susceptible to every 
prevailing illness) (a ~ of character, a tendency to give up 
easily) 

frail-ty \'fr5(a)lte. -ti\ n -es [ME Jrelete, freette, frailte, fr. 
MF fraileti, freleti, fr. L fragititat-, fragilitas, fr. Jragilis + 
•Uat~. -Itas -ity] 1 : the quality or state of being frail (declaim 
against the — of human flesh): a : i substantiality (a novel 
marked by ~- of subject matter) b : tenuousness (the ~ of 
the connection between the two sides of the family) c : in- 
firmity (always concerned for the ~ of his physical being) 
d : susceptibility (the ~ of young lads to the charms of young 
ladies) 2 : an inadequacy, a fault, or a sin resulting from 
weakness (as of constitution or moral character) syn see 

FAULT 

fraim \'fram\ var of fremd 

fraischeur n -s [Mr Jraischeur, jratcheur, tr.fratsche, fralche, 
fern, of frais fresh — • more at fresh] obs x freshness, coolness 
•f raise Vfraz\ n -s [alter, of phrase] 1 or frase dial Brit : a 
noisy confusion : huboub 2 Scot : flatter Y f cajolery 
: empty talk 

*f raise \ M \ vt -ed/-ino/-s : flatter, cajole 
*f raise \*"\ n -s [F, lit., mesentery of a calf or lamb, fr. MF, 
fr. f raiser to unwrap, shell (as a bean), fr. (assumed) VL 
jresare r fr. L jresa (in the term faba fresa ground bean), 
fern, of jresus, past part, of jrendere to gnash, crush, grind — 
more at grind] 1 : an obstacle used in fortification consisting 
of pointed stakes driven into the ramparts in a horizontal or 
inclined position 2 : a style of neck ruff 3 : a fluted reamer 
for enlarging holes in stone 4 : a cutting tool for correcting 
the shape of the teeth of timepiece wheels 
Mralse \ M \ vt -ed/-ino/-s 1 : to ream out and enlarge (as a 
hole in stone) 2 : to shape or dress with a f raise 
if raise \**\ n -s[F, strawberry, fr. OF f raise Jrese, irreg. (perh. 
influence of the -s- in framboise raspberry) fir. LL fraga, fr. L, 
pi. of fragum] 1 also frase : a heraldic representation of a 
strawberry blossom often not distinguished from a cinquefotl 
— called also fraser 2 X strawberry color 
fraKe \'frak\ n -s [prob. native name in Africa] : limba 
tfrak-tnr also fraotnr \fruk'tu(a)r. -OA n -s usu cap [G 
fraktur (formerly spelled fractur), an ornate kind of hand- 
writing developed in the 16th cent., fraktur, fr. L fractura 
action of breaking; fr. the curlicues that broke up the con- 
tinuous line of a word — more at fracture] : a German 
style of black-letter text type 
ifraktnx or fraktur painting var of fractur 
frara \*fram\ vb trammed; trammed; fnnunlng; frams 
[origin unknown] South <£ Midland X pound, beat 
Iram.able or trame.able YframabslN adj : capable of being 
framed 

fram.be.sia also fram*boe»Sia \fram'bezh(2)9w -zea\ n -s 
[NL, fr. F framboise raspberry; fr. the raspberry appearance 
of the excrescences] : yaws 

xram.boise \fra n, bwaz\ n -s [F, fr. OF, prob. modif. (perh. 
influenced by the /- in f raise strawberry) of a WOrac word 
represented by D braambes . blackberry, MLG brdmber, 
OHG brSmberi, all fr. a prehistoric WGmc compound whose 
first constituent is represented by OHG brSmai bramo bramble 
and whose second constituent is represented by D bes berry, 
OHG beri — more, at broom, berry] 1 : raspberry color 
2 : raspberry brandy usu. unsweetened 
< frame YfranA vo -eo/-ing/-s [ME jramlen, f ram en to benefit, 
comfort, construct, fr. OE framian, fromlan to avail, benefit, 
make progress; akin to OFris framia to carry out, further, OS 
WLframdn. ON frama, all fr. a prehistoric WGmc-NGmc verb 
derived fr. a word represented by ON from forward — more 
at from] W 1 a ohs X to get on : fare b archaic X proceed, 
oo (~ upstairs and make little din —Emily BrontS) 2 a now 
dial Eng x to show promise and adaptability b archaic : con- 
trive, manage — v/ 1 obs X to prepare (wood) for a building 
(as by hewing out timbers) 2 a : plan, devise, contrive 
(the committee framed a new method of achieving their pur- 
pose) D : to give expression to : formulate (~- a rule that 
brings order into our perceptions —Virginia Woolf) (the 
specific problems . . • are still the persistent and central prob- 
lems of philosophy, although perhaps not now framed in just 
his terminology —Alice Ambrose) (the poignancy of the hero's 
failure is framed in the plaint of that ubiquitous figure of 
Italian life, the sorrowing mother —C.W.White) o : shape, 
fashion, form (~ a figure out of cluy) : make, construct (a 
series of questions so framed as to involve by way of answer 
the plain alternative of yes or no — N.H.Snaith) d : in- 
vent, fabricate {framed a series of new characters for a 
radio drama series) {framed a device for eliminating rattles in 
a car) e : conceive, imagine (could not — the man in 
my mind from the inadequate description) f : to make a 
draft of or draw up (as a law or constitution) <~- a plan for 
combating inflation —Current Btog.) (ii was once my duty to 
~ a case against a manifest thief — R.W.Chapman) (a subcom- 
mittee which framed the so-called tidclands oil bill — W.A. 
Clark) (when the Bolsheviks' five-year plan was being framed 
— G.N.S.Raghavan) 3 ; to fit or adjust esp. to something or 
for an end : regulate, arrange (and ~ my face to all 
occasions — Shak.) (the professional training is framed to 
teach the student what children arc like at different stages 
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INTRODUCTION 

The av/?3 is a member of the integrin 
superfamily of adhesion proteins. This class of 
receptors was named in 1986 by Hynes to 
emphasize their role in integrating the intra- 
cellular cytoskeleton with the external milieu. 
The term "vitronectin receptor" was first 
applied to av/?3 as it bound the plasma protein 
vitronectin; it was first purified from placenta 
and defined as a vitronectin receptor by Pytela 
in 1985, and cloned and sequenced by Suzuki in 
1986. Its name is a misnomer, as it clearly is not 
selective for vitronectin or its sole receptor. 

Vitronectin (S-protein) is a multidomain 
plasma protein synthesized in liver and involved 
in a wide range of functions. These include 
interference with complement activation and 
blood coagulation; it also integrates with matrix 
where it is extensively modified and binds 
proteoglycans. In addition, several integrins are 
able to recognize vitronectin — av/?3, platelet 
gpllbllla (aIIb/?3) "fibrinogen receptor", and 
other av integrins, av/?5 and oev/H. 
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STRUCTURE OF THE av03 INTEGRIN 

Integrins (Fig. 1) are heterodimeric mem- 
brane glycoproteins. Multiple combinations of 
the 16 a and eight P subunits occur — these form 
21 dimers which define the ligand binding 
specificity and function of the distinct receptors. 

All a chains show high sequence homology 
and share common structural features. They 
vary in size from approximately 120 to 180 kDa 
and contain seven 60 amino acid long tandem 
repeats; the C-terminal 4 bind divalent cations 
via an E-F hand-like structure. Many a chains, 
including av, are cleaved during biosynthesis, 
at a conserved site near the trans-membrane 
domain, ft subunits are also homologous to each 
other, vary from 90 to 1 10 kDa and have a high 
cysteine content concentrated mainly in four 
repeat domains; the N-terminal domain is disul- 
phide bonded to the N-terminus of the p chain. 

Structural analysis shows an extended struc- 
ture with an N-terminal globular head, created 
by the association of the a and p chains. 
Cross-linking studies have confirmed that the a 
and p chains are both involved in ligand 
recognition. The intracellular C-termini of both 
the a and P chains interact with the cytoskeleton 
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and components of the cellular signalling 
system, such as the kinases FAK, ILK etc. The 
0 chain interaction is well characterized: linkage 
to the F-actin cytoskeleton, via binding to 
a-actinin and talin, has been demonstrated 
for 01 in vitro and this has been confirmed in 
transfection studies where the cytoplasmic tail 
domains of 03 and 05 have been exchanged, the 
03 tail targeting integrins to focal adhesions. 

av03 purified from tissues typically has a size 
of approximately 160 (a chain)/85 (0 chain) 
kDa. On reduction the proteolitic cleavage of 
the a chain is revealed by release of a 25 kDa 
C-terminal fragment and the 0 chain mobility 
alters in line with its high cysteine content. 
cDNA cloning has revealed an av chain of 1018 
amino acids with 13 potential N-linked glycosy- 
lation sites and four typical N-terminal repeat 
motifs. The av gene is located at 2q31-32. The 
03 chain is smaller at 762 amino acids, is less 
heavily glycosylated, and contains 56 cysteine 
residues, largely in four tandomly repeated 
domains. The 03 gene is found at 1 7q2 1 . Several 
alternatively spliced variants at the C-terminus 
of the 03 chain have been described, including 
a unique, secreted, 60 kDa truncated form of 
unknown function. 



BIOSYNTHESIS AND TISSUE DISTRIBUTION 

The site of highest expression of ocv03 in vivo 
is the osteoclast. Lower levels are also seen in 
platelets and megakaryocytes, kidney, some 
vascular smooth muscle, endothelium, and 
placenta. av03 is up-regulated in certain 
pathologies, such as malignant melanoma, and 
in numerous in vitro cultured adherent cell lines. 
Non-03, av integrins are much more widely 
expressed in normal tissues. 

The biosynthesis of av03 has not been 
examined in great detail but studies in 
melanoma and endothelial cell lines show that it 
is similar to leucocyte and platelet integrins 
(LFA and gpllbllla, respectively), a and 0 chain 
synthesis is separately regulated and pulse chase 
analysis shows that there is an extensive 
intracellular processing of N-Hnked carbo- 
hydrates, proteolitic cleavage of the av chain 
and a-0 chain assembly prior to surface 
co-expression of the two chains in a biologically 
active, ligand binding form. There is evidence 
from cultured cell lines and osteoclast precur- 
sors for cytokine regulation of av03 expression, 
as for other integrins. 



BIOLOGICAL FUNCTIONS 

Cell-matrix interactions 

av03 mediates the adhesion of cells to 
vitronectin (vitronectin was known first as 
''serum spreading factor" and termed vit- 
ronectin after its ability to bind glass) and, in a 
promiscuous manner, to a large number of 
other extracellular matrix proteins, including 
fibronectin, fibrinogen and the bone sialo- 
proteins. The key recognition motif is the amino 
acid triplet arg-gly-asp (RGD), which was first 
demonstrated for the interaction between 
fibronectin and the a 50 1 integrin by Pier- 
schbacher and Ruoslahti (1984). For certain 
RGD-containing proteins, for example collagen 
and laminin, conformational change is required 
before they are recognized by av03; this may 
have functional relevance in the repair and 
remodelling response in inflammation or tissue 
injury. In addition, av03 has been shown to 
promote cell migration and provide key signals 
in the regulation of the balance between cell 
proliferation and differentiation. 

Cell-cell interactions 

Very recently, av03 has been shown to 
interact with two cell-associated glycoproteins 
of the immunoglobulin superfamily, CD31 
(PCAM-1) and LI /NILE, the latter via an RGD 
sequence in one of its immunoglobulin domains. 
Mediation of heterotypic cell-cell adhesion, as 
for VCAM-l and a401 and ICAM-1 and am02, 
suggests that the receptor may be involved in a 
wider range of physiological and pathological 
processes than first suspected. 

Bone resorption 

av03 is the dominant integrin of osteoclasts, 
bone resorbing cells, both quatitatiVely and 
functionally. av03 mediates a promiscuous 
recognition of many RGD-containing bone 
matrix proteins. Interference with av03 using a 
variety of approaches leads to inhibition of bone 
resorption. 

Signal transduction 

Aside from the phosphorylation of focal 
adhesion kinase (FAK) and src in focal 
adhesions, there is increasing evidence for cell 
signalling operating via integrins, including 
av03. Thus, endothelial, neutrophil and os- 
teoclast intracellular calcium concentrations 
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rise as a consequence of contact with RGD- 
containing proteins and peptides and there is an 
interrelationship between intracellular calcium 
levels, cell adhesion, and motility mediated via 
av03. 



a chain 



Angiogenesis 

There is increasing evidence that av integrins 
are upregulated in new capillaries proliferating 
in response to an angiogenic stimulus. Thus, in 
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Fig. 1. A stylized view of the av03 "vitronectin receptor" as a model of other integrins. ocv03 is an oc/f 
integrin heterodimer. The ot chain has: four putative divalent cation binding sites near its N-terminus; a 
proteolytic cleavage site formed during translational modification; a C-terminus that may interact with 
calreticulin or other cytoskeletal components. The p chain shows a high cysteine content in four tandomly 
repeated domains; N-terminal disulphide bonding to form a large extracellular loop; a C-terminal 
interaction with talin and a -actinin to form a junction with the F-actin cytoskeleton and other signalling 
molecules; and alternate mRNA splicing {*} to make either truncated or C-terminal variants of the 0 
chain. The a0 heterodimer is a trans-membrane protein with a large N-terminal extracellular domain, the 
two chains forming a ligand binding site by interaction one with the other. The extracellular domain is 
of the order of 120 A units long as evidenced from rotary shadow electron microscopy (see references 

for further details). 
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certain pathologies — wound repair, some eye 
diseases, in association with cancer — the 
modified phenotype of vascular cells may result 
in, or be due to, alteration in integrin expression 
and hence cellular behaviour. There is some 
controversy as to whether there is a selective 
activation of av/?3 vs av/?5 (raising the 
possibility for regulation by distinct growth 
factors, FGF for 03 and VEGF for j?5). There 
is a possibility that av integrins may thus be a 
useful target for diseases characterized by 
neovascularization. 

A pop i os is 

There is evidence for a role for avj93 in 
the phagocytosis and removal of some cell 
types undergoing apoptosis. The best character- 
ized involves the macrophage recognition of 
senescent neutrophils, an event likely to be 
important in the limitation of inflammatory 
tissue injury. 

Development 

Recent studies in the mouse have shown that 
during embryonic development av integrins are 
regulated in two tissues — the central nervous 
system and skeletal muscle — with expression 
down-regulated in adult tissues. 

MUTATIONS IN <xy/J3: IMPLICATIONS FOR 
RECEPTOR FUNCTION 

Mutations in the 03 chain of platelet ocIIb/?3 
(gpllbllla) occur in humans and are known as 
Glanzmann's syndrome; the condition is 
characterized by defective platelet aggregation 
and haemorrhage. There appear to be no major 
changes in the function of the other integrin 
receptor utilizing 03, av03, either during 
development or in adult life. It is presumed that 
this is due to receptor redundancy; av05 may 
complement the deficiency of av03 function in, 
for example, bone. Thus, skeletal abnormality is 
not a predominant feature of the null 03 gene 
mutation seen in the Iraqi Jewish form of 
Glanzmann's syndrome. 

An av mutation has not been defined in 
humans. However, an av knock-out mouse has 
recently been described (Hynes, unpublished). 
Animals survive to birth and, as with Glanz- 
mann's syndrome, skeletal development is 
normal. Again, the phenotype implies receptor 
redundancy, but the reasons for tissue selective 
differences in compensation are unclear. 



MEDICAL AND PHARMACEUTICAL 
APPLICATIONS 

There are three main clinical areas where 
upregulation of av03 has been found in disease 
and they are being developed as targets for drug 
development. These are: in angiogenesis in 
tumours and certain eye diseases such as 
macular degeneration; in melanoma when it 
progresses from the horizontal to vertically 
invasive and metastatic stages; and in coronary 
arteries following angioplasty leading to vascu- 
lar restenosis (a humanized 03 monoclonal 
antibody was protective in the EPIC trial). 

To this should be added that bone diseases, 
such as osteoporosis and bone metastasis, are 
associated with extensive bone resorption by 
osteoclasts, cells which are particularly well 
endowed with av03 in their normal state (vide 
supra). Here, in vivo data clearly show that 
osteoclastic resorption can be inhibited by 
blocking av03 function. 

The general approach for modifying integrin 
adhesion receptor behaviour has been to use 
blocking monoclonal antibodies or agents 
developed to mimic amino acid motifs in ligands 
and counter-receptors. It is awaited to see if 
molecules with specificity for av03 are clinically 
useful. These could be used to inhibit bone 
resorption in osteoporosis, block coronary 
artery restenosis, inhibit neovascularization in 
eye diseases or induced tumour death by 
depleting its blood supply or by inducing 
apoptosis, or be used to target melanoma 
tumour or inhibit metastasis. 

Acknowledgement— The Wellcome Trust is thanked for 
supporting this work. 
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fH Blast 2 Sequences results 

PubMed Entrez BLAST OMiM Taxonomy Structure 

BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.10 [Oct-19-2004] 



Matrix | BLOSUM6 2 jf|| gap open:| l1 I gap extension: |1 



x_dropoff: | 50 1 expect:! 10.000| wordsize: | 3 I Filter E 



Sequence 1 lcl|seq_l Length 63 (1 63) S£OlTO MO\ V\ 
Sequence 2 lcl|seq_2 Length 40 (1 .. 40) SeTQTk NO \ \5 

2 




NOTE:The statistics (bitscore and expect value) is calculated based on the size of nr database 

Score = 79.0 bits (193), Expect = 4e-14 
Identities = 38/39 (97%), Positives « 38/39 (97%) 



Query: 1 RSRRATEVFTPVVPTVDTYDGRGDSVVYGRRSKSKKFRR 39 

RSRRATEVFTPVVPTVDTYDGRGDSVVYG RSKSKKFRR 
Sbjct: 1 RSRRATEVFTPVVPTVDTYDGRGDSVVYGLRSKSKKFRR 39 



CPU time: 



0.02 user sees. 



0.00 sys. sees 



Lambda K H 

0.320 0.135 0.386 

Gapped 

Lambda K H 

0.267 0.0410 0.140 



0.02 total sees, 



Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

Number of Sequences: 1 

Number of Hits to DB: 51 

Number of extensions: 11 

Number of successful extensions: 1 

Number of sequences better than 10.0: 1 

Number of HSP ! s better than 10.0 without gapping: 1 

Number of HSP's gapped: 1 

Number of HSP f s successfully gapped: 1 

Number of extra gapped extensions for HSPs above 10. 

Length of query: 63 



http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi73 



5/23/2005 



Blast Result 



Page 2 of 2 



Length of database: 837,004,805 

Length adjustment: 38 

Effective length of query: 25 

Effective length of database: 837,004,767 

Effective search space: 20925119175 

Effective search space used: 20925119175 

Neighboring words threshold: 9 

Window for multiple hits: 0 



XI 


16 


( 7.4 bits) 


X2 


129 


(49.7 bits) 


X3 


129 


(49.7 bits) 


SI 


41 


(21.8 bits) 


S2 


69 


(31.2 bits) 



http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2. cgi?3 
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NCBI CD-Search 



% NCBI 

New Search PubMed Nucleotide Protein 



RPS -BLAST 2.2.10 [Oct-19-2004 ] 
Query= local sequence: 

(63 letters) 5£Q*/£0 M 0 \ \ \ 

Database: cdd.v2.03 



Page 1 of 1 



Structure CDD Taxonomy Help? 



NCBI Conserved Domain Search 



Click on boxes for multiple alignments 



1 10 20 30 40 50 ,60 63 
i I 1 I I I , U L 



OSTEO 



^^f^il Domain Relatives 

Score E 

PSSMs producing significant alignments: (bits) value 

gnl|CDD|ll smart00017. OSTEO, Osteopontin; Osteopontin is an acidic phosp... 57.1 5e-10 



gnlJCDDJll smart00017 5 OSTEO, Osteopontin; Osteopontin is an acidic phosphorylated glycoprotein of 
about 40 Kd which is abundant in the mineral matrix of bones and which binds tightly to 
hydroxy apatite. It is suggested that osteopontin might function as a cell attachment factor and could play 
a key role in the adhesion of osteoclasts to the mineral matrix of bone . 

CD-Length = 286 residues, only 12.2% aligned 
Score = 57.1 bits (137), Expect - 5e-10 

Query: 5 ATEVFTPVVPTVDTYDGRGDSVVYGRRSKSKKFRR 39 
Sbjct: 119 AATVFTPFVPTVDTNDGRGDSVAYGLRSKSKVFKV 153 



Citing CD-Search : Marchler-Bauer A, Bryant SH (2004), "CD-Search: protein domain annotations on 
the jly. x \ Nucleic Acids Res. 32:W327-331. 

Help I Disclaimer | Write to the Help Desk 
NCBI | NLM | NIH 



http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi?RID=l 1 16859923-32171-39926543... 5/23/2005 



RID=1116880158-24786-155013903519.BLASTQ3 ? 
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results of BLAST 



BLASTP 2,2.11 [May-08-2005] 

Reference: 

Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer, 
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997), 
"Gapped BLAST and PSI-BLAST: a new generation of protein database search 
programs", Nucleic Acids Res. 25:3389-34 02. 

RID: 1116880158-24786-155013903519. BLASTQ3 . 

Query= 



63 letters) S£Ov.T& NJO \\ 



Database: All non-redundant GenBank CDS 

translations+PDB+SwissProt+PIR+PRF excluding environmental samples 
2,470,458 sequences; 837,004,805 total letters 



If you have any problems or questions with the results of this search 
please refer to the BLAST FAQs 



Taxonomy reports 



Distribution of 34 Blast Hits on the Query Sequence 



Mouse-over to show defline and scores. Click to show alignments 



Color Key for Rlignnent Scores 



40-50 



1.24786 



50 



http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi 



5/23/2005 



RID=1116880158-24786-155013903519.BLASTQ3 5 



Page 2 of 1 1 



Sequences producing significant alignments: 



Score E 
(bits) Value 



qi 


QQ9Q^D 1 HK-i I R2\ Z\ Pi Q 1 1 1 
iljZrDU [ UD j | D/ifi U D y 3 1 . J. \ 


UrLN c [nono Sapiens j 


7 ? 




1 9 
1 c 






UrN"D [nomo sapiens j 


1 0 




1 £ 


qi 


992948 |dbi IBAA05949.1 | 


OPN-a [Homo sapiens] 


12 


6e- 


12 


qi 


60817593|qb|AAX36430.1| 


secreted phosphoprotein 1 [synth. . . 


12 


6e- 


12 


qi 


16924233iqb!AAH17387.1| 


SPP1 protein [Homo sapiens] >gi I . . . 


12 


6e- 


12 


qi 


62205271 |qb|AAH93033.1 | 


SPP1 protein [Homo sapiens] 


12 


6e- 


12 


qi 


30583805|qb|AAP36151.1| 


Homo sapiens secreted phosphopro. . . 


12 


6e- 


12 


qi 


55622886|ref |XP 517332. 


1| PREDICTED: similar to Osteopon... 


12 


6e- 


12 


qi 


54 69714 4 |qb|AAV38 944 . 1 | 


secreted phosphoprotein 1 {osteo. . . 


12 


6e- 


12 


qi 


54 697142 |qb| AAV38 943.1 | 


secreted phosphoprotein 1 (osteo. . . 


12 


6e- 


12 


qi 


55730563 | emb 1 CAH92003 . 1 1 hypothetical protein [Pongo pyg... 


12 


6e- 


12 


qi 


22761565 |dbi | BAC11635. 1 I unnamed protein product [Homo s... 


12 


6e- 


12 


qi 


47522868 | ref |NP 999188. 


1| secreted phosphoprotein-I [Sus... 


54 


2e- 


06 


qi 


6448616 I emb ICAB61259. 1 | 


osteopontin [Sus scrofa] 


54 


2e- 


06 


qi 


57109122 | ref 1XP 535649. 


1| PREDICTED: similar to Osteopon... 


53 


2e- 


06 


qi 


585684 01 |qb|AAW78987 .1 | 


GekBS141P [Gekko japonicus] 




c. 0 _ 


U D 


qi 


57163973 | ref I NP 001009224.11 osteopontin [Ovis aries] >g. . . 


O 1 


ft o- 

o e 


U D 


Qi 


280933 |pir | | JC1191 osteopontin precursor - rabbit >gi|21... 


51 


le- 


05 


qi 


27806401 |ref |NP 776612. 


1| secreted phosphoprotein 1 [Bos... 


D U 






qi 


12805293|qb|AAH02113.1i 


Sppl protein [Mus musculus] >gi I . . . 


50 


2e- 


05 


qi 


1567 9955 |qb|AAHl'4 284 .1 | 


Sppl protein [Mus musculus] 


50 


2e- 


05 


qi 


19774215|qb|AAL99081.1| 


osteopontin [Bos taurus] >gi|620... 


50 


2e- 


05 


qi 


61553509|qb|AAX46418.1 | 


secreted phosphoprotein 1 (osteo. . . 


50 


2e- 


05 


qi 


89697 | pir | IJS0638 osteopontin precursor - bovine 


u u 






qi 


9800644 |qb| AAB34351.2I 


early T-lymphocyte activator-1; o. . . 


D U 


On. 


n s 


qi 


538245|dbi |BAA03980.1| 


secreted phosphoprotein-1 precurs... 


49 


5e- 


05 


qi 


200158|qb|AAA57265.1 | 


osteopontin precursor [Mus musculus] 


A ft 
H O 


/ e 


n r 

Uj 


qi 


2975461 emb ICAA36132.il 


osteopontin [Mus musculus] 


A ft 




0 ^ 
u o 


qi 


6678113 | ref |NP 033289.11 secreted phosphoprotein 1 [Mus ... 


48 


7e- 


05 


qi 


34 78 6065 |qb(AAH57858 . 1 I 


Sppl protein [Mus musculus] >gi | . . . 


48 


7e- 


05 


qi 


50 925511 jqb]AAH7887 4 . 1 | 


Secreted phosphoprotein 1 [Rattu. . . 


47 


le- 


04 


qi 
qi 


205860|qb|AAA41762.1 | osteopontin precursor >gi | 6981580 | . 
7441835 |pir| IJC5811 osteopontin - rat 


47 
47 


le- 
le- 


04 
04 


qi 


1871124 I dbj IBAA19247.il 


osteopontin [Rattus norvegicus] 


47 


le- 


04 



Alignments 



Get selected sequences 



Select all 



Deselect all 



□ > qi 1 992 950 | dbj [BAA05951.il El OPN-c [Homo sapiens] 
Length = 287 

Score = 71.6 bits (174), Expect = 6e-12 
Identities = 34/35 (97%), Positives = 34/35 (97%) 

Query: 5 ATEVFTPVVPTVDTYDGRGDSVVYGRRSKSKKFRR 39 



http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi 



5/23/2005 



NCBI CD-Search 



Page 1 of 1 



^"3 NCBI NCBI Conserved Domain Search 



New Search 



PubMed 



Nucleotide 



Protein 



Structure 



CDD 



Taxonomy 



Help? 



RPS-BLAST 2.2.10 [Oct-19-2004 ] 
Query= local sequence : 

(40 letters) £6d£0 NOW*} 

Database: ccld.v2.03 



Click on boxes for multiple alignments 



15 



£0 



25 



30 



OSTEO 



^^^3 Domain Relatives 



PSSMs producing significant alignments: 



Score E 
(bits) value 



gnl|CDD|ll smart00017, OSTEO, Osteopontin; Osteopontin is an acidic phosp... 606 4e-l 1 



gnl|CDD | l 1 smart00017, OSTEO, Osteopontin; Osteopontin is an acidic phosphorylated glycoprotein of 
about 40 Kd which is abundant in the mineral matrix of bones and which binds tightly to 
hydroxy apatite. It is suggested that osteopontin might function as a cell attachment factor and could play 
a key role in the adhesion of osteoclasts to the mineral matrix of bone . 

CD-Length = 286 residues, only 12.6% aligned 
Score = 60.6 bits (146), Expect = 4e-ll 

Query: 5 ATEVFTPVVPTVDTYDGRGDS WYGLRSKSKKFRRP 40 
Sbjct: 119 AATVFTPFVPTVDTNDGRGDSVAYGLRSKSKVFKVS 154 

Citing CD-Search : Marchler-Bauer A, Bryant SH (2004), "CD-Search: protein domain annotations on 
the fly", Nucleic Acids Res. 32:W327-331. 



Hel p | Disclaimer | Write to the Help Desk 
NCBI | NLM I NIH 



http://www.ncbi.nlm.tiih.gov/Structure/cdd/wrpsb.cgi?RID=l 1 16860039-6085-456626706... 5/23/2005 



RID=1 1 16880484-2802-168172056308.BLASTQ3, 
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% NCBI 



i" 



results of I1ILA8T 



BLASTP 2.2.11 [May-08-2005] 

Reference : 

Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer, 
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997), 
"Gapped BLAST and PSI-BLAST: a new generation of protein database search 
programs", Nucleic Acids Res. 25:338 9-3402. 

RID: 11168804 8 4-2802-1 68172056308. BLASTQ3 

Query= 



(40 letters) SfcCCPD l\)0\ \5 



Database: All non-redundant GenBank CDS 

translations+PDB+SwissProt+PIR+PRF excluding environmental samples 
2,470,458 sequences; 837,004,805 total letters 

If you have any problems or questions with the results of this search 
please refer to the BLAST FAQs 

Taxonomy reports 



Distribution of 34 Blast Hits on the Query Sequence 



Mouse-over to show defline and scores. Click to show alignments 



Color Key for Rlignnent Scores 



40-50 



1.2802 I 



http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi 



5/23/2005 



RID=1 1 16880484-2802-168172056308.BLASTQ3, 



Page 2 of 1 1 



Sequences producing significant alignments: 



Score E 
(bits) Value 



992950|dbi IBAAQ5951.il 



992949|dbj | BAA05950.il 



992 94 8 | dbi IBAA0594 9.1 | 



60817 593 |qb|AAX364 30.1 | 



16924233[qbjAAH17387.1^ 



62205271 [gb|AAH93033.1 



30583805|qb|AAP36151.1 



54 697144 | qb I AAV38 94 4 . 1 i 



54 69714 2 1 qb IAAV3894 3.1 



557 30563 1 emb | CAH92003 . 1 | 



OPN-c [Homo sapiens] 

OPN-b [Homo sapiens] 

OPN-a [Homo sapiens] 

secreted phosphoprotein 1 [synth. . 

SPP1 protein [Homo sapiens] >gi | . . 

SPP1 protein [Homo sapiens] 
Homo sapiens secreted phosphopro. . 

55622886|ref 1XP 517332.11 PREDICTED: similar to Osteopon.. 

secreted phosphoprotein 1 (osteo. . 
secreted phosphoprotein 1 (osteo.. 
hypothetical protein [Pongo pyg. . 

unnamed protein product [Homo s.. 

47522868 I ref|NP 999188.11 secreted phosphoprotein-I [Sus.. 
6448616 | emb | CAB61259 . 1 j osteopontin [Sus scrofa] 

57109122 | reflXP 535649.1] PREDICTED: similar to Osteopon.. 

GekBS141P [Gekko japonicus] 

osteopontin [Ovis aries] >g. . 

27806401 1 ref |NP 776612.11 secreted phosphoprotein 1 [Bos.. 

128Q52 93|qblAAH02113.1 | Sppl protein [Mus musculus] >gi I . . 

1567 9955 )qb[AAH14 284 . 1 | Sppl protein [Mus musculus] 

osteopontin [Bos taurus] >gi|620.. 

secreted phosphoprotein 1 



227 61565 1 dbj IBAC11635.il 



585684 01 | qb| AAW7 8 987 . 1 1 



57163973 | ref [NP 001009224.11 



197742151 qb | AAL 99081.1 | 



615535091 qb | AAX4 6418.1 | 



(osteo . 



89697 | pir | | JS0638 osteopontin precursor - bovine 

980064 4 | qb | AAB34 351 . 2 | early T-lymphocyte activator-1; o.. 
280933 |pir | | JC1191 osteopontin precursor - rabbit >gi|21.. 

200158 | qb | AAA57 2 65 . 1 1 osteopontin precursor [Mus musculus] 

2 97 54 6 I emb I CAA3 6132 . 1 j osteopontin [Mus musculus] 

6678113 | ref I NP 033289.11 secreted phosphoprotein 1 [Mus . . 

3478 6065 | qb| AAH57 858 . 1 1 Sppl protein [Mus musculus] >gi I . . 

50 925511 | qb| AAH7 887 4 . 1 | Secreted phosphoprotein 1 [Rattu.. 



2058 60 | qb | AAA417 62 . 1 1 osteopontin precursor >gi | 6981580 | , 
7441835 |pir | | JC5811 osteopontin - rat 

18711241 dbj | BAA19247 . 1 | osteopontin [Rattus norvegicus] 
53824 5 1 dbj | BAAQ3980 . 1 | secreted phosphoprotein-1 precurs, 
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Alignments 



Get selected sequences 



Select all 



Deselectall 



□ > qi 1 992 950 | dbj | BAA05951. 1 [ El OPN-c [Homo sapiens] 
Length = 287 

Score = 76.6 bits (187), Expect = 2e-13 

Identities = 36/36 (100%), Positives = 36/36 (100%) 

Query: 5 ATEVFTPVVPTVDTYDGRGDSVVYGLRSKSKKFRRP 4 0 



http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi 



5/23/2005 



RID=1 1 1 6880 1 58-24786-1 5501 39035 1 9.BLASTQ3, 
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results of 



BLASTP 2.2.11 [May-08-2005] 



Reference ; 

Altschul, Stephen F. , Thomas L. Madden, Alejandro A. Schaffer, 
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997), 
"Gapped BLAST and PSI-BLAST: a new generation of protein database search 
programs", Nucleic Acids Res. 25:3389-3402. 

RID: 1116880158-24786-155013903519. BLASTQ3 
Query= 



63 letters) S£(XTbNJOLV\ 



Database: All non-redundant GenBank CDS 

translations+PDB+SwissProt+PIR+PRF excluding environmental samples 
2,470,458 sequences; 837,004,805 total letters 

If you have any problems or questions with the results of this search 
please refer to the BLAST FAQs 

Taxonomy reports 



Distribution of 34 Blast Hits on the Query Sequence 

Mouse-over to show „defljne and scores. Click to show alignments 




http://www.ncbi.iilm.aih.gov/BLAST/Blastxg 



5/23/2005 



RID=1116880158-24786-155013903519.BLASTQ3, Page 2 of 11 



Sequences producing significant alignments: 

cri I 992950 I dbi IBAA05951.il OPN-c [Homo sapiens] 
qi I 992949 I dbi IBAA05950.il OPN-b [Homo sapiens] 
gi I 992948 I dbj IBAA05949.il OPN-a [Homo sapiens] 
qi I 6081759 3 I qb I AAX36430.il secreted phosphoprotein 1 [synth.. 
qi 1 1692423 3 I qb I AAH17387.il SPP1 protein [Homo sapiens] >gi | . . 
gi I 6220527 1 1 qb I AAH93033 . 1 1 SPP1 protein [Homo sapiens] 
gi I 3058380 5 I gb IAAP36151.1| Homo sapiens secreted phosphopro. . 
qi|5562288 6|reflXP 517332.11 PREDICTED: similar to Osteopon. . 
qi|54697144|qb|AAV38944.1l secreted phosphoprotein 1 (osteo. . 
gi | 54 697142 I qb I AAV38943.il secreted phosphoprotein 1 (osteo.. 
gi I 557305 63 I emb I CAH92003 . 1 1 hypothetical protein [Pongo pyg.. 
qi 1227615 65 Idbj IBAC11635.il unnamed protein product [Homo s . . 
qil 4752286 8 IreflNP 999188.11 secreted phosphoprotein-I [Sus.. 
qil 6448616|emb|CAB61259. 1 | osteopontin [Sus scrofa] 
gi|571091 22|ref IXP 535649.11 PREDICTED: similar to Osteopon.. 
gi 158568401 1 qb I AAW78987 . II GekBS141P [Gekko japonicus] 
gi|5716397 3|ref INP 001009224.11 osteopontin [Ovis aries] >g. . 
gi | 28093 3 |pir I IJC1191 osteopontin precursor - rabbit >gi|21.. 
gi I 278064 01 1 re f INP 776612.11 secreted phosphoprotein 1 [Bos.. 
qi 1 12805293 I qb I AAH02113 . 1 1 Sppl protein [Mus musculus] >gi | . . 
qil 15679955 |qb IAAH14284.il Sppl protein [Mus musculus] 
qi 1 197742 15 I qb I AAL99081.il osteopontin [Bos taurus] >gi|620.. 

gi| 61553509 | qb I AAX4 6418.1 1 secreted phosphoprotein 1 (osteo.. 
qi|89697|pir| IJS0638 osteopontin precursor - bovine 

gi I 980064 4 I qbj AAB34351 . 2 I early T-lymphocyte activator-1; o.. 
gi I 538245 I dbi I BAA03980 . 1 1 secreted phosphoprotein- 1 precurs . . 
gi I 2001 58 |qb|AAA57265. 1 1 osteopontin precursor [Mus musculus] 
qil 29754 6 1 emb I CAA36132.il osteopontin [Mus musculus] 
gil 6678113 Iref INP 033289.11 secreted phosphoprotein 1 [Mus . . . 
qil 34786065 I qb I AAH57858.1 1 Sppl protein [Mus musculus] >gi | . . , 
qil 50925511 |qb I AAH78874.1 1 Secreted phosphoprotein 1 [Rattu. . . 

gi I 205860 | qb I AAA41762 . 1 1 osteopontin precursor >gi | 6981580 | .. . 
qi|7441835|pir| UC5811 osteopontin - rat 

gi 1 187112 4 I dbi IBAA19247.1 1 osteopontin [Rattus norvegicus] 



Alignments 

; Get selected sequences ?wgetiffi;allfe| ^Desetect all^;| 

O gi I 992950 I dbi IBAA05951.il □ OPN-c [Homo sapiens] 
Length =287 

Score = 71.6 bits (174), Expect = 6e-12 
Identities =34/35 (97%) , Positives = 34/35 (97%) 

Query: 5 ATEVFTPWPTVDTYDGRGDSWYGRRSKSKKFRR 39 
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RID=1116880484-2802.168172056308.BLASTQ3 ) 
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result sv. of 



BLASTP 2.2.11 [May-08-2005] 



Reference : 

Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer^ 
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997), 
"Gapped BLAST and PSI-BLAST: a new generation of protein database search 
programs", Nucleic Acids Res. 25:3389-3402. 

RID: 1116880484-2802-168172056308. BLASTQ3 
Query= 



(40 letters) 5^0.^0 |\J0\ \5 



Database: All non-redundant GenBank CDS 

translations+PDB+SwissProt+PIR+PRF excluding environmental samples 
2,470,458 sequences; 837,004,805 total letters 

If you have any problems or questions with the results of this search 
please refer to the BLAST FAQs 

Taxonomy reports 



Distribution of 34 Blast Hits on the Query Sequence 



Mouse-over to show defline and scores. Click to show alignments 



Color Key for Alignment Scores 



l_2802i 




http://www.ncbi.nIm.nih.gov/BLAST/Blast.cgi 



5/23/2005 



RID=1116880484-2802-168172056308.BLASTQ3, 
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Score E 

Sequences producing significant alignments: (bits) Value 

qi 1 992950 I dbi I BAA05951 . 1 1 OPN-c [Homo sapiens] _77 2e-13 0 

qi 1 992949 Idbi IBAA05950.il OPN-b [Homo sapiens] _T7 2e-13 0 

gi|992948l dbilBAA05949.1l OPN-a [Homo sapiens] J77 2e-13 0 

gi] 60817593 |qb I AAX 36430.il secreted phosphoprotein 1 [synth... _77 2e-13 0 

gi 1 1692423 3 I qb I AAH17387.il SPP1 protein [Homo sapiens] >gi | . . _77 2e-13 0 

gi I 62205271 1 qb I AAH93033 ■ 1 1 SPP1 protein [Homo sapiens] _7T 2e-13 0 

gi I 30583805 I gb I AAP36151.1 1 Homo sapiens secreted phosphopro . . , _n 2e-13 

qi I 5562288 6 | ref I XP 517332.11 PREDICTED: similar to Osteopon... _J77 2e-13 0 

gi I 54 697 144 I qb I AAV3894 4.il secreted phosphoprotein 1 (osteo... _77 2e-13 

qi I 54 6971 42 I qb I AAV38943 . 1 1 secreted phosphoprotein 1 (osteo... _77 2e-13 

gi I 55730563 I emb I CAH92003.il hypothetical protein [Pongo pyg... _T7 2e-13 

gi I 227 61 565 Idbi IBAC11635.il unnamed protein product [Homo s... 2e-13 0 

qi I 4752286 8 I ref I NP 999188.11 secreted phosphoprotein-I [Sua... _56 3e-07 0 

gi I 6448616 1 emb I CAB61259.il osteopontin [Sus scrofa] _56 3e-07 

gi I 57109122 | ref I XP 535649. 1 1 PREDICTED: similar to Osteopon... _55 4e-07 0 

qil 58568401 |qblAAW78987 .11 GekBS141P [Gekko japonicus] _5i 9e-07 

qi I 57163973 I ref I NP 001009224 . 1 1 osteopontin [Ovis aries] >g v .. _54 2e-06 0 

qil 27806401 1 ref I NP 776612.1 1 secreted phosphoprotein 1 [Bos... _52 4e-06 0 

qil 128052 93 | qb|AAH02113. II Sppl protein [Mus musculus] >gi | _52 4e-06 0 

qi 1 156799 55 1 qb I AAH14284.il Sppl protein [Mus musculus] _52 4e-06 0 

qil 19774215 I qb I AAL99081.1 1 osteopontin [Bos taurus] >gi|620... _52 4e-06 0 

qil 61553509 1 qb I AAX46418.il secreted phosphoprotein 1 (osteo... _52 4e-06 0 

gi 189697 I pir I I JSQ638 osteopontin precursor - bovine 52 4e-06 

qil 980064 4 | qb I AAB34351 . 2 I early T-lymphocyte activator-1; o... _52 4e-06 0 

gi|280933|pir| IJC1191 osteopontin precursor - rabbit >gi|21... __52 6e-06 

gi I 200158 I qb I AAA57265 . 1 1 osteopontin precursor [Mus musculus] 50 le-05 0 

qi|2 9754 6|emblCAA36132.1 I osteopontin [Mus musculus] 50 le-05 0 

qil 6678113 I ref I NP 033289.1 1 secreted phosphoprotein 1 [Mus ... __50 le-05 0 

gi 134786065 I qb I AAH57858.il Sppl protein [Mus musculus] >gi | . . . _50 le-05 0 

gi I 50925511 1 qb I AAH78874.il Secreted phosphoprotein 1 [Rattu... _50 2e-05 0 

qil 205860 | qb I AAA4 1762 . 1 1 osteopontin precursor >gi | 6981580 | . _50 2e-05 0 

gi 1 7441835 Ipir I IJC5811 osteopontin - rat 50 2e-05 

qil 1871124 Idbi IBAA19247.il osteopontin [Rattus norvegicus] _50 2e-05 0 

qil 53824 5 I dbi I BAA03980.il secreted phosphoprotein-1 precurs... _49 3e-05 



Alignments 



Length = 287 

Score - 76.6 bits (187), Expect « 2e-13 

Identities « 36/36 (100%), Positives « 36/36 (100%) 

Query: 5 ATEVFTPWPTVDTYDGRGDSWYGLRSKSKKFRRP 40 
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New Search 



PubMed 
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Structure 



CDD 
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Help? 



RPS-BLAST 2.2.10 [Oct-19-2004] 
Query= local; sequence: 



(63 letters) 5£CX/£OM0\\\ 



Database: cdd.v2.03 



[Click onjDoxes for multiple alignments 



10 



3d 



40 SO ,60 63 




jSftcKVrl Domain Relatives 



PSSMs producing significant alignments: 



Score E 
(bits) value 



gnlJCDD|ilsmart00017, OSTEO, Osteopontin; Osteopontin is an acidic phosp... 57 A 5e-10 



gnllCDD|ll smart00017, OSTEO, Osteopontin; Osteopontin is an acidic phosphorylated glycoprotein of 
about 40 Kd which is abundant in the mineral matrix of bones and which binds tightly to 
hydroxyapatite. It is suggested that osteopontin might function as a cell attachment factor and could play 
a key role in the adhesion of osteoclasts to the mineral matrix of bone . 



Query: 5 ATEVFT PWPTVDTYDGRGDSWYGRRSKSKKFRR 39 
Sbjct: 119 AATVFTPFVPTVDTNDGRGDSVAYGLRSKSKVFKV 153 



Citing CD-Search: Marchler-Bauer A, Bryant SH (2004), "CD-Search: protein domain annotations on 
the fly.\ Nucleic Acids Res. 32:W327-331. 



httD://ww.ncbLnlm^ 1 1 fiR5QQ?.^?.1 71 -W)frtdi smnnns 



CD-Length = 286 residues, only 12.2% aligned 
Score « 57.1 bits (137), Expect = 5e-10 
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NCBI NCBI Conserved Domain Search 

New Search PubMed Nucleotide Protein Structure CDD Taxonomy Help? 

RPS -BLAST 2.2.10 [Oct-19-2004 ] 
Query= local, sequence: 

(40 letters) 5^0, 70 l\X>\ \$ 

Database: cdd.v2.03 

Jciick on boxes for multiple alignments ' 



IS 20 25 30 35 40 



^Hp?; 1 Domain Relatives 

Score E 

PSSMs producing significant alignments: (bits) value 

g nl | CDD|ll smartOOOn, OSTEO, Osteopontin; Osteopontin is an acidic phosp... 606 4e-l 1 



gnl|CDD|ll smart00017, OSTEO, Osteopontin; Osteopontin is an acidic phosphorylated glycoprotein of 
about 40 Kd which is abundant in the mineral matrix of bones and which binds tightly to 
hydroxyapatite. It is suggested that osteopontin might function as a cell attachment factor and could play 
a key role in the adhesion of osteoclasts to the mineral matrix of bone . 

CD-Length = 286 residues, only 12.6% aligned 
Score = 60.6 bits (146), Expect = 4e-ll 

Query: 5 ATEVFTPVVPTVDTYDGRGDSWYGLRSKSKKFRRP 40 
Sbjct: . 119 AATVFTPFVPTVDTNDGRGDSVAYGLRSKSKVFKVS 154 



Citing CD-Search : Marchler-Bauer A, Bryant SH (2004), "CD-Search: protein domain annotations on 
the fly.", Nucleic Acids Res. 32:W327-331. 

Help I Disclaimer I Write to the Help Desk 
NCBI | NLM | NIH 
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Blast 2 Sequences results 

PubMed Entrez BLAST OMIM Taxonomy Structure 

BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.10 [Oct-19-2004] 



Matrix {BL QSUM 62 g a popen :|l1 gap extension: |T~ 
x_dropoff: )50 expect:|l0.000i wordsize: )3 j Filter F: 



Sequence 1 lcl|seq_l Length 63 (1 .. 63) SEOl TO MOl \\ 
Sequence 2 lcl|seq_2 Length 40 (1 .. 40) S CQTb M 0 . \5 



>W^AW,^.iW«WllliWtltUI 




NOTE:The statistics (bitscore and expect value) is calculated based on the size of nr database 

Score = 79.0 bits (193), Expect = 4e-14 
Identities = 38/39 (97%), Positives = 38/39 (97%) 



Query: 1 RSRRATEVFTPWPTVDTYDGRGDSWYGRRSKSKKFRR 39 

RSRRATEVFTPVVPTVDTYDGRGDSWYG RSKSKKFRR 
Sbjct: 1 RSRRATEVFTPWPTVDTYDGRGDSWYGLRSKSKKFRR 39 



CPU time: 



0,02 user sees. 



0.00 sys. sees 



Lambda K H 

0.320 0.135 0.386 

Gapped 

Lambda K H 

0.267 0.0410 0.140 



0.02 total sees, 



Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

Number of Sequences: 1 

Number of Hits to DB: 51 

Number of extensions: 11 

Number of successful extensions: 1 

Number of sequences better than 10.0: 1 

Number of HSP's better than 10.0 without gapping: 1 

Number of HSP f s gapped: 1 

Number of HSP's successfully gapped: 1 

Number of extra gapped extensions for HSPs above 10.0: 0 
Length of query: 63 



httD://www.nchi\n1ni.nih.anv/h1flRt/h1?Qftn/wh1flQt9 rmn 
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Length of database: 837,004,805 

Length adjustment: 38 

Effective length of query: 25 

Effective length of database: 837,004,767 

Effective search space: 20925119175 

Effective search space used: 20925119175 

Neighboring words threshold: 9 

Window for multiple hits: 0 

XI: 16 ( 7.4 bits) 

X2: 129 (49.7 bits) 

X3: 129 (49.7 bits) 

SI: 41 (21.8 bits) 

S2: 69 (31.2 bits) 
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